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(57) Abstract 



A method an solution for perioperativeiy inhibiting a variety of pain and inflammation processes at wounds from general surgical 
procedures including oral/dental procedures. The solution preferably includes at least one soluble receptor and, optionally, multiple pain and 
inflammation inhibitory at dilute concentration in a physiologic carrier, such as saline or lactated Ringer*s solution. The solutionis applied 
by continuous irrigation of a wound during a surgical procedure for preemptive inhibition of pain and while avoiding undesirable side 
effects associated with oral, intramuscular, subcutaneous or intravenous application of larger doses of the agents. One preferred solution 
to inhibit pain and inflammation includes a soluble receptor, a serotoninz antagonist, a serotonins antagonist, a histamine antagonist, a 
serotonin agonist, a cyclooxygcnase inhibitor, a neurokinin i antagonist, a neurolcinin2 antagonist, a purinoceptor antagonist, an ATP-sensitive 
potassium channel opener, a calcium channel antagonist, a bradylcinint antagonist, a bradykininz antagonist and a ^-opioid agom'st 
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IRRIGATION SOLUTION AND METHOD FOR INHIBmON OF PAIN AND 

INFLAMMATION 

L Field of the Invention 

The present invention relates to surgical irrigation sohitions and methods^ and 
5 particularly for anti-inflammatory, anti-pain, anti-spasm and anti-restenoas surgical 
irrigation solutions. 

IL Background of the Invention 

Arthroscopy is a surpcal procedure in which a camera, attached to a remote 
light source and video monitor, is inserted into an anatomic joint (e.g., knee, shoulder, 

10 etc.) through a small portal incision in the overlying skin and joint capsule. Through 
similar portal incisions, surgical instruments may be placed in the joint, their use 
guided by arthroscopic visualizatioa As arthroscopists* skills have improved, an 
inca^asing number of operative procedures, once pofbrmed by "open" surgical 
techmque, now can be accomplished arthroscopically. Such procedures include, for 

15 exan^le, partial meniscectomies and ligament reconstructions in the knee, shoulder 
acromioplasties and rotator cuff debridements and elbow synovectomies. As a resuh 
"of widening surgical indications and the development of small diameter artl^oscopes, 
wrist and ankle arthroscopies also have become routine. 

Throughout each arthroscopy, physiologic irrigation fluid (e.g., normal saline 

20 or lactated Ringer's) is flushed continuously through tfie joint, distending tiie jomt 
capsule and removing operative debris, tiiereby providmg clearer intra-articular 
visualization. U.S. Patent 4,504,493 to Marshall cfiscloses an isomolar solution of 
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glycerol in water for a non-conductive and opticaUy dear inigation solution for 
arthiosco|iy. 

Inigation is also used in other procedures, such as cardiovascular and general 
vascular diagnostic and therapeutic procedures, urologic procedures and the treatment 
5 of bums and any operative wounds. Li each case, a physiologic fluid U used to 
iirig^ a wound or body cavity or passage. Conventional physiotogic irrigation fluids 
do not provide analgesic, anti-inflammatoiy, anti-spasm and anti^restenotic effects. 

Alleviating pain and suflFering in postoperative patients is an area of ^>ecial 
focus in clinical medicine, especially with the growing number of out-patient 
10 operations performed each year. The most widely used agents, cydooxygenase 
inhibitors (e.g., ibuprofen) and opioids (e.g., morphine, fentanyl), have significant side 
eflfects inchiding gastrointestinal initation^leeding and respiratory depression. The 
high incidence of nausea and vomiting related to opioids is espedaUy problematic in 
the postoperative period. Therapeutic agents aimed at treating postoperative pain 
15 wbaeavddmg detrimental side effects are not easily devdoped because^ 

targets for these agents are distributed widdy throughout the body and mediate 
diverse physiological actions. Despite the significant clinical need to inhibit pain and 
inflammation, as weU as vasospasm, smooth musde spasm and restenosis, methods 
for the deliveiy of inhibitors of pain, inflammation, spasm and restenosis at eflEfective 
20 dosages whfle minimiang adverse systemic side eflfects have not been devdoped. As 
an example, conventional (te., intravenous, oral, subcutaneous or mtramuscular) 
methods of admimstration of opiates in therapeutic doses fi-equently is assodated with 
significant adverse side effects, induding severe respiratory depression, changes in 
mood, mental clouding, profound nausea and vomiting. 
25 Prior studies have demonstrated the ability of endogenous agents, sudi as 

serotomn (5-hydroxytiyptamine, sometimes referred to herein as "5-HT"), bradjWnin 
and histamine, to produce pain and inflammation. Sicuteri, F., et al., Serotonin- 
Bradyhnin Potentiation in the Pain Receptors in Man, Life Sd. 4, pp. 309-316 
(1965); Rosentiial, SJL. Histamine as the Chemical MetBator for Cutaneous Pain, 
30 J. Invest Dermat. 69, pp. 98-105 (1977); Richardson, B J., et. al.. Identification of 
Serotonin M-Receptor Subtypes and their Specific Blockade by a New 'Class of 
Drugs, Nature 316, pp. 126-131 (1985); Whalley, E.T., et. al., Ihe Effect ofKinin 
Agonists and Antagonists, Naunyn-Schmiedeb Aich. Pharmacol. 36, pp. 652-57- 
(1987); Lang, E., et. al., Chemo-Sensittvily of Fine Afferents from Bat Skin In rrtro. 
35 J. Neurophysiol. 63, pp. 887-901 (1990). 
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For example, S-HT applied to a human blister base (denuded skin) has been 
demonstrated to cause pain that can be inhibited by S-HT3 recqptor antagonists. 
Richardson et al., (198S). Similariy, peripherally-applied bradykinin produces pain 
which can be blocked by bradykinin recq)tor antagonists. Sicuteri et aL, 1965; 
5 Whalley et al., 1987; Dray, A., et, al., BrcufyJdmn and Inflamma^ Pain, Trmds 
Neurosci. 16, pp. 99-104 (1993). Peripherally-applied histamine produces 
vasodilation, itching and pain which can be inhibited by histamine receptor 
antagonists. Rosenthal, 1977; Douglas, W.W., "Histamine and 5-Hydroxytiyptamine 
(Serotonm) and their Antagonists", m Goodman, L.S., et. al., ed.5 Ihe 

10 Pharmacological Basis of Ihercpeutics, MadVfillan Publishing Company, New Yoric, 
pp. 605-638 (1985); Rumore, M.M., et. al., Analgesic Effects ofAntihistaminics, Life 
Sci 36, pp. 403-416 (1985). Combinations of these three agonists (5-HT, bradykinin 
and histamine) applied together have been demonstrated to display a syneigistic 
pain-causing efifect, produdng a longrlastiiig and intense pain signal. Sicuteri et al., 

15 1965; Richardson et al., 1985; Kessler, W., et. al.. Excitation of Cutaneous Afferent 
Nerve Endings In Vitro by a Combination of Inflammatory Mediators and 
CoTuUtioning Effect of Substance P, Exp. Brain Res. 91, pp. 467-476 (1992). 

In the body, 5-HT is located in platelets and in central neurons, histamine is 
found in mast cells, and bradykinin is produced from a larger precursor molecule 

20 during tissue trauma, pH changes and temperature changes. Because S-HT can be 
released in large amounts from platelets at sites of tissue injury, producing plasma 
levels 20-fold greater than resting levels (Ashton, J.H., et. al.. Serotonin as a 
Mediator of Cyclic Flaw Variations in Stenosed Canine Coronary Arteries, 
Curculation 73, pp. 572-578 (1986)), it is possible that endogenous 5-HT plays a role 

25 in producing postoperative pain, hyperalgeaa and inflammation. In fiict, activated 
platelets have been shown to excite peripheral nociceptors in vitro, Ringkamp, M., 
et. al.. Activated Human Platelets in Plasma Excite Nociceptors in Rat Skin, In Vitro, 
Neurosci. Lett. 170, pp. 103-106 (1994). Similarly, histamine and bradykinin also are 
released into tissues during trauma. Kimura, E., et. al.. Changes in Bradykinin Level 

30 in Coronary Sinus Blood After the Experimental Occlusion of a Coronary Artery, 
Am Heart J. 85, pp. 635-647 (1973); Douglas, 1985; Dray et. al. (1993). ^ 

In addition, prostaglandins also are known to cause pain and inflammation. 
Cyclobxygenase inhibitors, e.g., ibuprofen, are commonly used in non-surgical and 
post-operative settings to block the production of prostaglandins, thereby redudng 

35 prostaglandm-mediated pain and inflammation. Flower, R.J., et. aL, Analgesic- 
Antipyretics and Anti-Inflammatory Agents; Drugs Employed in the Treatment of 
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Gout, in Goodman, L.S., et. al., ed., The Pharmacological Basis of Therapeutics, 
MacMillan PubUshing Company, New York, pp. 674-715 (1985). Cyclooxygenase 
inhibitors are associated with some adverse systemic side efficts when applied 
conventionally. For example, mdomethadn or ketorolac have well recognized 
5 gastrointestinal and renal adverse ade effects. 

As discussed, 5-HT, histamine, bradykimn and prosteglandins cause pain and 
inflammatioa The various receptors through v*ich these agents mediate tiieir effiscts 
on peripheral tissues have been known and/or debated for the past two decades* 
Most studies have been performed in rats or other animal moddls. However, there are 
10 differences in pharmacology and receptor sequences between human and animal 
spedes. There have been no studies conclusively demonstrating the importance 
of S-HI, bradykinin or histamine in producing postoperative pain in humans. 

Furthermore, antagonists of these mediators currentiy are not used for 
postoperative pain treatment A dass of drugs, termed 5-HT and norepinephrine 
15 uptake antagonists, which indudes amitriptylme, has been used orally with moderate 
success for chronic pain conctitions. However, the mechanisms of dironic versus 
acute pain states are thought to be conaderably (Afferent In feet, two studies in the 
acute pain setting using anutriptyfine perioperativdy have shown no pain-rdieving 
effect of amitriptyline. Levine, ID., et. at, Desipramine Bihances Opiate 
20 Postoperative Analgesia, Pam 27, pp. 45-49 (1986); Kerrick, J.M., et. al., Low-Dose 
Amitriptyline as an Adjunct to Opioids for Postoperative Orthopedic Pain: a 
Placebo^ontrolled Trial Period, Pain 52, pp, 325-30 (1993). In both studies tiie 
dmg was given orally. The second study noted that oral amitriptyline actually 
produced a lower overall sense of well-being in postoperative patients, which may be 
25 due to the drug's affinity for multiple amine receptors in the brain. 

AmitriptyUne, in addition to blocking the uptake of 5-HT and norepinephrine, 
i§ a potent 5-HT receptor antagonist. Therefore, the lack of efficacy in redudng 
postoperative pain in the previously-mentioned studies would appear to conflict with 
the proposal of a role for endogenous 5.HT in acute pain. There are a number of 
30 reasons for the lack of acute pain relief found with amitriptyline in these two studies. 
(1) The first study (Levine et al., 1986) used amitriptyline preoperatively for one week 
up until the night prior to surgery whereas the second study (Kerrick et al., 1993) 
only used amitriptyline postoperativdy. Therefore, no anutriptyline was present in the 
operative site tissues during the actual tissue ugury phase, the time at which 5-HT is 
35 purported to be released. (2) Amitriptyline is known to be extensively metabolized by 
the liver. Wth oral administration, the concentration of amitriptyline in the operative 
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she tissues may not have been sufficiently high for a long enough tune period to 
inhibit the activity of postoperatively released 5-HT in the second study. (3) Smce 
multiple inflammatory mediators exist, and studies have demonstrated synergism 
between the inflammatory mediators, blocking only one agent (5-HI} mi^ not 
5 sufficiently inhibit the inflammatory response to tissue injury. 

There have been a few studies demonstrating the ability of extremely high 
concentrations (1% - 3% solutions - Le., 10 - 30 mg per milliliter) of histaminei (Hi) 
receptor antagonists to act as local anesthetics for surgical procedures. This 
anesthetic effect is not believed to be mediated via Hi receptors but, rather, due to a 
10 non-spedfic mteraction with neuronal membrane sodium channels (sinuku* to the 
action of lidocaine). Given the side dBfects (e.g., sedation) associated with these high 
"anesthetic" concentrations of histamine receptor antagonists, local administration of 
histamme receptor antagonists currently is not used in the perioperative setting. 

ni. Summary of the Invention 

15 The present invention provides a solution comprising at least one soluble 

receptor and preferably a mixture of multiple agents in low concentrations directed at 
inhibiting locally the mediators of pain, inflammation, spasm and restenosis in a 
physiologic electrolyte carrier fluid. The invention also provides a method for 
perioperative delivery of the irrigation sohition containing these agents directly to a 

20 surgical site, where it works locally at the receptor and enzyme levels to preen^tively 
limit pain, inflammation, spasm and restenosis at the site. Due to the local 
perioperative delivery method of the present invention, a desired therapeutic eflEect 
can be achieved with lower doses of agents than are necessary when employing other 
methods of delivery (i.e., intravenous, intramuscular, subcutaneous and oral). The 

25 anti-pain/anti-inflammation agents in the solution include agents selected from the 
allowing classes of receptor antagonists and agonists and enzyme activators and 
inhibitors, each class acting through a differing molecular mechanism of action for 
pain and inflammation mhibition: (1) serotonin receptor antagonists; (2) serotonin 
receptor agonists; (3) histamine recqptor antagonists; (4) bradjddnin receptor 

30 antagonists; (5) kallikrein inhibitors; (6) tachykinin receptor antagonists, -including 
neurokmin, and neurokinin^ receptor subtype antagonists; (7) calcitonin gene-related 
peptide (CGRP) receptor antagonists; (8) interleuWn receptor antagonists;- 
(9) inhibitors of enzymes active in the synthetic pathway for arachidonic add 
metabolites, including (a) phospholipase inhibitors, including PLAj isoform inhibitors 

35 and PLCy isoform inhibitors, (b) cyclooxygenase inhibitors, and (c) lipooxygenase 
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inhibitors; (10) prostanoid receptor antagonists including eicosanoid EP-1 and EP-4 
receptor subtype antagotdsts and thromboxane receptor subtype antagonists; 
(ll)leukotriene receptor antagonists inducfing ieukotriene B4 receptor subtype 
antagonists and leukotrieneD4 receptor subtype antagonists; (12) opioid receptor 
5 agonists, including T-opioid, A-opioid, and P-opioid receptor subtype agonists; 
(isj'purinoceptor agonists and antagonists including P2X receptor antagonists and 
Pjy receptor agonists; and (14) adenosine triphosphate (ATP)-sensitivc potassium 
channel openers. Each of the above agents fimctions either as an anti-inflammatory 
agent and/or as an anti-nodceptive, i.e., anti-pain or analgesic, agent. The selection 
10 of agents from these classes of compounds is tailored for the paiticular application. 

Several preferred embodiments of the solution of the present invention also 
include anti-spasm agents for particular applications. For example, anti-spasm agents 
may be induded alone or in combination with anti-pain/anti-inflanraiation agents in 
solutions used for vascular procedures to limit vasospasm, and anti-spasm agents may 
15 be induded for urologic procedures to limit spasm in the urinary tract and bladder 
wall. For such appUcations, anti-spasm agents are utilized in the solution. For 
example, an anti-pain/anti-inflammation agent which also serves as an anti-spasm 
agent may be induded. Suitable anti-inflamraatory/anti-pam agents which also act as 
anti-spasm agents include serotonin receptor antagonists, tachykinin receptor 
20 antagonists, and ATP-sensitive potassium channd openers. Otiier agents which may 
be utilized in tiie solution specifically for tiieir anti-spasm properties indude caldum 
channel antagonists, endotfielin receptor antagonists and tiie nitric oxide donors 
(enzyme activators). 

Specific preferred embodiments of the solution of the present mvention for use 
25 m cardiovascular and general vascular procedures include anti-restenods agents, 
which most preferably are used in combination with anti-spasm agents. Suitable 
ahti-restenosis agents indude: (1) antiplatelet agents including: (a) thrombm 
inhibitors and receptor antagonists, (b) adenosine disphosphate (ADP) receptor 
antagonists (also known as purinoceptori receptor ant^onists), (c) thromboxane 
30 inhibitors and receptor antagonists and (d) platelet membrane glycoprotein receptor 
antagomsts; (2) inhibitors of cell adhesion molecules, including (a) selectin inhibitors 
and (b) integrin inMbitors; (3) anti-chemotactic agents; (4) interieukin receptor 
antagonists (which also serve as anti-pain/anti-inflanmiation agents); and 
(5)intracdlular agnaling inWbitors includmg: (a) protdn kinase C (PKC) inhibitors 
35 and protdn tyrosine kinase inWbitors, (b) modulators of intracellular protdn tyrosine 
phosphatases, (c) inhibitors of src homology2 (SH2) domains, and (d) caldum channd 
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antagonists. Such agents are use&I in preventing restenosis of arteries treated by 
angioplasty, rotational atherectomy or other cardiovascular or general vascular 
therapeutic or diagnostic procedure. 

The present invention also provides a method for manu£u:turing a medicament 

S compounded as a dihite irrigation solution for use in continuously irrigating an 
operative site or wound during an operative procedure. The method entails dissolving 
in a physiologic electrolyte carrier fluid at least one soluble receptor and, optionally, a 
plurality of anti-pain/anti-inflammatory agents, and for some implications anti-spasm 
agents and/or anti-restenosis agents, each agent included at a concentration of 

10 preferably no more than 100,000 nanomolar, and more preferably no more than 
10,000 nanomolar. 

The method of the present invention provides for the delivery of a dilute 
combination of multiple receptor antagonists and agonists and enzyme iniubitors and 
activators directiy to a wound or operative site, during therapeutic or (Uagnostic 

IS procedures for the inhibition of pain, inflammation, spasm and restenosis. Since the 
actbe ingredients in the solution are bemg locally applied directiy to the operative 
tissues in a continuous fashion, the drugs may be used eflBcaciously at extremely low 
doses relative to those doses required for therapeutic effect when the same drugs are 
delivered orally, intramuscularly, subcutaneously or intravenously. As used herein, 

20 the term "local" encompasses application of a drug in and around a wound or other 
operative site, and excludes oral, subcutaneous, intravenous and mtramuscular 
administration. The term ''continuous" as used herein encompasses uninterrupted 
application, repeated application at fi-equent intervals (e.g., repeated intravascular 
boluses at frequent intervals intraprocedurally), and applications which are 

25 uninterrupted except for brief cessations such as to permit the mtroduction of other 
drugs or agents or procedural equipment, such that a substantially constant 
piredetermined concentration is mamtained locally at the wound or operative site. 

The advantages of low dose applications of agents are three-fold. The most 
important is the absence of systemic side effects which often limit the usefuhess of 

30 these agents. Additionally, the agents selected for particular applications in the 
solutions of the present invention are highly specific with regard to the mediators on 
which they work. This specificity is maintained by the low dosages utilized. Finally, 
the cost of these active agents per operative procedure is low. 

The advantages of local administration of the agents \da luminal irrigation or 

35 other fluid application are the following: (1) local administration guarantees a known 
concentration at the target site, regardless of interpatient variability in metaboKsm, 
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blood flow, etc.; (2) because of the direct mode of delivery, a therapeutic 
concentration is obtained instantaneously and, thus, improved dosage control is 
provided; and (3) local administration of the active agents directly to a wound or 
operative site also substantially reduces degradation of the agents tbrou^ 

5 cxtraceBular processes, e,g., first- and second-pass metabolism, that would otherwise 
occur if the agents were ^ven orally, intravenously, subcutaneously or 
intramusculaily. This is particularly true for those active agents that are peptides, 
^ch are metabolized rapidly. Thus, local administration permits the use of 
compounds or agents which otherwise could not be employed ther^eutically. For 

10 example, some agents in the following classes are peptidic: bradykinin receptor 
antagonists; tachykinin receptor antagonists; opioid receptor agonists; CGRP receptor 
antagomsts; and interleukin receptor antagonists. Local, continuous delivery to the 
wound or operative »te miiumizes drug degradation or metabolic while also 
providing for the continuous replacement of that portion of the agent that may be 

IS degraded, to ensure that a local therapeutic concentration, sufficient to imuntun 
receptor occupancy, is maintained throughout the duration of the opmtive 
procedure. 

Local adnunistration of the solution perioperatively throughout a surgical 
procedure in accordance with the present invention produces a preemptive analgesic, 

20 anti-inflammatoiy, anti-spasmodic or anti-restenotic effect. As used herein, the term 
"perioperative" encompasses application intraprocedurally, pre- and intraprocedurally, 
intra- and postprocedurally, and pre-, intra- and postprocedurally. To maximize the 
preemptive anti-mflammatory, analgesic (for certain applications), antispasmodic (for 
c^ain applications) and antirestenotic (for certain applications) effects, the sohjtions 

25 of the present invention are most preferably applied pre-, intra- and postoperatively. 
By occupying the target receptors or inactivating or activating targeted enzymes prior 
tb the initiation of significant operative trauma locally, tiie agents of the present 
solution modulate specific pathways to preemptively inhibit tiie targeted patiiologic 
process. If inflammatory mediators and processes are preemptively inhibited in 

30 accordance with the present mvention before they can exert tissue damage, the benefit 
is more substantial than if ^en after the damage has been initiated. 

Inhibiting more than one inflammatory, spasm or restenosis mecfiator by 
application of the multiple agent solution of the present invention has been shown to 
dramatically reduce the degree of inflammation, pain, and spasm, and theoretically 

35 should reduce restenosis. The irrigation solutions of the present invention include 
combinations of drugs, each solution acting on multiple receptors or enzymes. The 
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diug agents are thus simultaneously effective against a combination of pathologic 
processes, including pain and inflammation, vasospasm, smooth muscle spasm and 
restenosis. The action of these agents is considered to be synergistic, in that the 
multiple receptor antagonists and inhibitory agonists of the present invention provide 
S a di^roportionately increased efiScacy in combination relative to the efficacy of the 
individual agents. The synergistic action of several of the agents of the present 
invention are discussed, by way of example, below in the detailed descriptions of 
those agents. 

In addition to arthroscopy, the solution of the present invention may also be 
10 applied locally to any human body cavity or passage, operative wound, traumatic 
wound (e.g., bums) or in any operative/interventional procedure in which irrigation 
can be performed. These procedures include, but are not limited to, urological 
procedures, cardiovascular and general vascular diagnostic and thenqpoitic 
procedures, endoscopic procedures and oral, dental and periodontal procedures. As 
IS used hereafter, the term "wound", unless otherwise specified, is intended to inchide 
surgical wounds, operative^terventional ^tes, traumatic wounds and bums. 

Used perioperatively, the solution should result in a clinically significant 
decrease in operative site pain and inflammation relative to currently-used irrigation 
fluids, thereby decreasing the patient's postoperative analgesic (i.e., opiate) 
20 requirement and, where appropriate, allowing eariier patient mobilization of the 
operative site. No extra effort on the part of the surgeon and operating room 
personnel is required to use the present solution relative to conventional irrigation 
fluids. 

IV. Brief Description of the Drawings 

25 The present invention will now be described in greater detail, by way of 

estample, with reference to the accompanying drawings in which: 

FIGURE 1 provides a schematic overview of a generic vascular cell showing 
molecular targets and flow of signaling information leadmg to contraction, secretion 
and/or proliferation. The integration of extrinsic signals through receptors, ion 

30 channels and other membrane proteins are common to platelets, nditrophils, 
endothelial cells and smooth muscle cells. Representative examples of molecular 
targets are included for major groups of molecules which are therapeutic targets of 
drugs mcluded in the solutions of the present invention. 

FIGURE 2 provides a detailed diagram of the signaling pathways illustrating 

35 "arosstall^ between G-protein coupled receptor (GPCR) pathways and recq}tor 
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tyrosine kinase (RTK) pathways in a vascular smooth musde celL Only 
representative proteins in each pathway have been shown to simplify the flow of 
information. Activation of GPCRs leads to increases in intracelhilar calchim and 
increased protein kinase C (PKC) activity and subsequent smooth muscle contraction 
5 or spasm. In addition, "crosstalk" to tiu5 RTK signaling patiiway occurs through 
aeration of PYK2 (a newly discov»ed protein tyrosine kinase) and PTK-X (an 
undefined protein tyrosine kinase), triggering proliferation. Conversely, while 
activation of RTKs directly mitiates proliferation, "crosstalk" to the GPCR patiiway 
occurs at tiie level of PKC activity and calcium levels. LGR designates Bgand-gated 
10 receptor, and MAPK designates mitogen-activated proton kinase. These mteractions 
define tiie basis for syna^stic interactions between m(decular targets me^ating 
spasm and restenosis. The GPCR signaling pathway also mediates signal transduction 
CFIGUBES 3 and 7) ieadmg to pain transnussion in other cell types (e.g., neurons). 
FIGURE 3 provides a diagram of the G-Protein Coupled Receptor (GPCR) 
15 pathway. Spedfic molecular sites ofaction for some drugs ma preferred arthroso^ic 
sohition of the present invention are identified. 

FIGURE 4 provides a diagram of tiie G-Protein Coupled Receptor (GPCR) 
pathway including the agnaling proteins responsible for ""crosstalk"" witfi the 
Growtii Factor Receptor signaling pathway. Specific molecular ^es of action for 
20 some drugs in a preferred cardiovascular and general vascular solution of the present 
invention are identified. (See also FIGURE S). 

nGURES provides a diagram of the Growth Factor Receptor signaling 
pathway including tiie signaling protons responable for ""crosstaB^". wth the 
G-Protdn Coupled Receptor signaling patiiway. Spedfic molecular sites of action for 
25 some drugs in a preferred cardiovascular and gaieral vascular solution of the present 
invention are identified. (SeealsoHGURE4). 

FIGURE 6 provides a diagram of tiie G-Protein Coupled Receptor patiiway 
including tfie signaling protons responsible for ""crosstall^'" witii tiie Growtii Factor 
Receptor agnaling pathway. Spedfic molecular sites of action for some drugs in a 
30 prrferred urologic solution are identified. 

FIGURE 7 provides a diagram of the G-Protdn Coupled Receptor pathway. 
Spedfic molecular sites of action for some drugs in a preferred general surgical 
wound solution of tiie present mvention are identified. 

HGfUBE 8 provides a diagram of the mechanism of action of mtric owde 
35 CNO) donor drugs and NO causing rdaxation of vascular smootii musde. 
Physiologically, certain hormones and transmitters can activate a form of NO synthase 
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in the endothelial cell through elevated intracellular calcium resulting in increased 
synthesis of NO. NO donors may generate NO extracellularly or be metabolized to 
NO within the smooth muscle cell. Extracellular NO can diflKise across the 
endothelial cell or directly enter the smooth muscle cell. The primary target of NO is 
5 the soluble guanylate cyclase (GC), leading to activation of a cGMP-dependent 
protein kinase (PKG) and subsequent extrusion of calcium from the smooth muscle 
ceil via a membrane pump. NO also hyperpolarizes the cell by opening potassium 
channels which in turn cause closure of voltage-sensitive calcium channels. Thus, the 
synergistic interactions of caldum channel antagonists, potassmm chaimel openers and 

10 NO donors are evident from the above signal transduction pathway. 

FIGURES 9, lOA and lOB provide charts of the percent of vasoconstriction 
versus time in control arteries, in the proximal segment of subject arteries, and in the 
distal segment of subject arteries, respectively, for the ammal study described in 
EXAMPLE VII herein demonstrating the effect on vasoconstriction of infusion with 

15 histamine and serotonin antagonists, used in the solutions of the present invention, 
during balloon angioplasty .FIGURES II and 12 provide charts of plasma 
extravasation versus dosage of amitriptyline, used in the solutions of the present 
invention, delivered intravenously and intra-articularly, respectively, to knee joints in 
which extravasation has been induced by introduction of S-hydroxytryptamine in the 

20 animal study described in EXAMPLE Vm herein. 

FIGURES 13, 14 and IS provide charts of mean vasoconstriction (negative 
values) or vasodilation (positive values), ±1 standard error of the mean for the 
proximal (FIGURE 13), mid (FIGURE 14) and distal (FIGURE 15) segments of 
arteries treated with saline (N==4) or with a solution formulated in accordance with the 

25 present invention (N=7), at the immediate and 15 minute post-rotational atherectomy 
time points in the animal study of Example Xm described herein. 

V. Detailed Description of the Preferred Embodiment 

The irrigation solution of the present invention is a dilute solution of multiple 
pain/inflammation inhibitory agents, anti-spasm agents and anti-restenosis agents in a 
30 physiologic carrier. The carrier is a liquid, which as used herein is intended to 
encompass biocompatible solvents, suspensions, polymerizable and non-polymerizable 
gels, pastes and salves. Preferably the carrier is an aqueous solution which may 
include physiologic electrolytes, such as normal salme or lactated Ringer's solution. 

The anti-inflammation/anti-pain agents are selected from the group consisting 
35 of: (1) serotonin receptor antagonists; (2) serotonin receptor agonists; (3) histamine 
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receptor antagonists; (4) bradyidnin receptor antagonists; (S) kallikrein inUUtors; 
(6) tachykinin receptor antagonists^ including neurokinini and neurokinin^ receptor 
subtype antagonists; (7) calcitonin gene-related pqrtide (CGRF) receptor antagonists; 
(8) interleukin receptor antagonists; (9) inhibitors of en^mes active in the synthetic 
S pathway for arachidonic acid metabolites, including (a) phospholipase inhibitors, 
indiiding PLA2 isoform inhibitors and FLCy isofonn inhibitors (b) cyclooxyg'enase 
inhibitors, and (c) lipooxygenase inhibitors; (10) prostanoid receptor antagonists 
including eicosanoid EP-1 and EP-4 receptor subtype antagonists and thromboxane 
receptor subtype antagonists; (ll)leukotriene receptor antagonists including 

10 leukotriraeB4 receptor subtype antagonists and leukotrieneD4 receptor subtype 
antagonists; (12) opioid receptor agonists, inchiding T-opioid, A-opioid, and P-opidd 
receptor subtype agonists; (13) purinoceptor agonists and antagonists including P2X 
receptor antagonists and P2Y receptor agonists; and (14) adenosine triphosphate 
(ATP)-sensitive potassium channel openers. 

IS Suitable anti-inflanunatoiy/anti-pain agents which also act as anti-spaan 

agents include serotonin receptor antagonists, tachykinin receptor antagonists, 
ATP-sensitive potassium channel openers and calcium channel antagonists. Other 
agents which may be utilized in the solution spedfically for their anti-spasm properties 
including endothdin receptor antagonists, caldum channd antagonists and the nitric 

20 oxide donors (enzyme activators). 

Spedfic preferred embodBments of the solution of the present invention for use 
in cardiovascular and general vascular procedures include anti-restenosis agents, 
which most preferably are used in combination with anti-spasm agents. Suitable 
anti-restenosis agents include: (1) antiplatelet agents including: (a) thrombin 

2S inhibitors and receptor antagonists, (b) adenosine disphosphate (ADP) receptor 
antagonists (also known as purinoceptor^ receptor antagonists), (c) thromboxane 
inhibitors and receptor antagonists and (d) platdet membrane glycoprotein receptor 
antagonists; (2) inhibitors of cell adhesion molecules, including (a) selectm inUbitors 
and (b) integrin inhibitors; (3) anti-chemotactic agents; (4) interleukin receptor 

30 antagonists (whidi also serve as anti-pain/anti-infiammation agents); and 
(5) intracellular signaling inhibitors including: (a) protein kinase C (PKC) Inhibitors 
and protem tyrosine phosphatases, (b) modulators of intracellular protdn tyrosine 
kinase inhibitors, (c) inhibitors of src homology2 (SH2) domains, and (d) caldum- 
channel antagonists. Such agents are usefid m preventing restenosis of arteries treated 

35 by an^oplasty, rotational atherectomy or other cardiovascular or general vascular 
therapeutic procedure. 
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each of the suigical solutions of the present invention, the agents are 
induded in low concentrations and are delivered localty in low doses rdative to 
concentrations and doses required with conventional methods of drug administraticm 
to achieve the desired therapeutic effect. It is impossible to obtain an equivalent 
5 tha^eutic e£fect by deUvering similarly dosed agents via otho- (i.e., intravenous, 
subcutaneous, intramuscular or oral) routes of drug administration since drugs given 
qrstemically are subject to first- and second-pass metabolism. The concentration of 
each agent is determined in part based on its dissociation constant, As used 
heran, the term dissodation constant is intended to encompass both the equilibrium 
10 dissociation constant for its respective agonist-recq)tor or anta^st-iecqrtor 

interaction and the equihT)rium inhibitoiy constam for its respective activator-enz^ 
or inhibitor-enzyme interactioa Each agent is preferabfy induded at a low 
concentration of 0.1 to 10,000 times nanomolar, except for cydooxygenase 
inhibitors, which may be required at larger concentrations dq)ending on the particular 

15 inhibitor selected. Preferably, each agent is induded at a concentration of 1.0 to 
1,000 times nanomolar and most preferably at approximately 100 times 
nanomolar, these concentrations are adjusted as needed to account for dilution in the 
absence of metabotic transformation at the local delivery sUe. The exact agents 
selected for use in the sohition, and the concentration of the agents, varies m 

20 accordance with the particular iq)plication, as described bdow. 

A solution in accordance with the present invention can indude just a »ngle or 
multiple pain/inflammation inhibitoiy agent(s), a single or multiple anti-spasm 
agent(s), a combination of both anti-spasm and pain/inflammation inhibitoiy agents, or 
anti-restenosis agents firom the enumerated classes, at low concentration. However, 

25 due to the aforementioned synergistic effect of multiple agents, and the desire to 
broadly block pain and mflammation, spasm and restenoms, it is pre&ired that 
multiple agents be utilized. 

The suigical solutions constitute a novd therapeutic approach by combming 
multiple phannacologic agents acting at distinct receptor and enzyme molecular 

30 targets. To date, pharmacologic strategies have focused on the devdopment of highly 
specific drugs that are sdective for individual receptor subtypes and enzyme isofonns 
that mediate responses to individual signaling neurotransmitters and honnones. As an 
example, endothelin peptides are some of the most potent vasoconstrictors known.. 
Sdective antagonists that are specific for subtypes of endothdin (ET) recqitors are 

35 being sought by several pharmaceutical companies for use in the treatment of 
numerous disorders involving devated endothelin levds m the body. Recognizing the 



wo 00/25745 



-r PCT/US99/26330 

-14- 



potoitial role of the receptor subtype ET^ in hypertenaon, these drug companies 
spedfically are targeting the development of selective antagonists to the ET^ receptor 
subtype for the anticipated treatment of coronary vasospasm. This standard 
phannacologic strategy, although well accepted, is not optimal ance many other 
5 vasoconstrictor agents (e.g., serotonin, prostaglandin, cdcosanoid, etc.) simultaneously 
may be responsible for initiating and maintaining a vasospastic episode (see 
FIGURES 2 and 4). Furthermore, despite inactivation of a single receptor subtype or 
enzyme, activation of other receptor subtypes or enzymes and the resultant signal 
transmission often can trigger a cascade effect. This explains the significant difficulty 
10 in employing a single receptor-spedfic drug to block a pathophysiologic process m 
which multiple transmitters play a role. Therefore, targeting only a specific individual 
receptor subtype, such as ET^ is likely to be ineffective. 

In contrast to the standard approach to pharmacologic therapy, the therapeutic 
approach of the present surreal solutions is based on the rationale that a combination 
15 of drugs acting smuiltaneously on distinct molecular targets is required to inhibit the 
fiill spectrum of events that underlie the development of a pathophysiologic state. 
Furthermore, instead of targeting a specific receptor subtype alone, the surgical 
solutions are composed of drugs that target common molecular mechanisms operating 
in different cellular physiologic processes involved in the development of pain, 
20 inflammation, vasospasm, smooth muscle spasm and restenosis (see FIGURE 1). In 
tills way, the cascadng of additional receptors and em^es in tiic nodceptive, 
inflammatory, spasmodic and restenotic pathways is minimized by the surgical 
solutions. In these pathophysiologic pathways, the surgical solutions inhibit the 
cascade effect both "upstream" and "downstream". 
25 An example of "upstream" inhibition is the cyclooxygenase antagonists in the 

setting of pain and inflammation. The cyclooxygenase enzymes (COXi and COX2) 
catalyze the conversion of arachidonic acid to prostaglandin H which is an 
intermediate in the biosynthesis of inflammatory and nociceptive mediators including 
prostaglandins, leukotrienes, and thromboxanes. The cyclooxygenase inhibitors block 
30 "upstream" the formation of these inflammatory and nociceptive mecfiators. This 
strategy precludes the need to block the interactions of the seven described subtypes 
of prostanoid receptors widi their natural ligands. A amilar "upstream" inhibitor 
included m the surgical solutions is aprotinin, a kallikrein inhibitor. The eazyme- 
kalBkrdn, a serine protease, cleaves the high molecular weight kininogens in plasma 
3S to produce bradykmins, important mediators of pain and inflammation. By inhibition 
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of kallikrein, aprotinin efifectivdy inhibits the synthesis of bradykinins, thereby 
providing an effective 'Hipstream'* inhibition of these inflammatory mediators. 

The surgical solutions also make use of "dovmstream" mhibitors to control the 
pathophysiologic pathways. In vascular smooth muscle preparations that have been 
S precontracted with a variety of neurotransmitters (e.g., serotbxun, histamine, 
enddthelin, and thromboxane) implicated in coronary vasospasm, ATP-sensitive 
potassium channel openers (KCOs) produce smooth muscle relascation ^^ch is 
concentration dependent (Quast et al., 1994; Kashiwabara et al., 1994). The KCOs, 
therefore, provide a significant advantage to the suipcal solutions in the settings of 

10 vasospasm and smooth muscle spasm by providing "downstream" antispasmodic 
effects that are independent of the physiologic combination of agonists initiating the 
spasmodic event (see FIGURES 2 and 4). Similarly, NO donors and voltage-gated 
caldum channel antagonists can limit vasospasm and smooth muscle spasm initiated 
by multiple niediators known to act earUer m the spasmodic pathway. 

IS The Mowing is a description of suitable drugs filling m the aforementioned 

classes of anti-inflammation/anti-pain agents, as well as suitable concentrations for use 
in solutions, of the present invention. While not wishing to be limited by theory, the 
justification behind the selection of the various classes of agents which is believed to 
render the agents operative is also set forth. 

20 A. Serotonin Receptor Antagonists 

Serotonin (S-HT) is thought to produce pain by stimulating serotonin2 
(S-HT2) and/or serotonin3 (5-HT3) receptors on nociceptive neurons in the peripheiy. 
Most researchers agree that S-HT3 receptors on peripheral nociceptors mediate the 
immediate pain sensation produced by S-HT ^chardson et al., 198S). In addition to 

2S inhibiting S-HT-induced pain, S-HT3 receptor antagonists, by inlubiting nociceptor 
atrtivation, also may inhibit neurogenic inflammation. Barnes P.I, et. al.. Modulation 
of Neurogenic Inflammation: Novel Approaches to Inflammatory Disease, Trends in 
Pharmacological Sciences 11, pp. 18S-189 (1990). A study in rat ankle joints, 
however, claims the 5-HT2 receptor is responsible for nociceptor activation by S-HT. 

30 Grubb, B.D., et. al., A Study of S-HT-Receptors Associated with Afferent Nerves 
Located in Normal and Inflamed Rat Ankle Joints, Agents Actions 2S, pp. 216-18 
(1988). Therefore, activation of S-HT2 receptors also may play a role in peripheral 
pain and neurogenic inflammation. 

One goal of the solution of the present invention is to block pain and a 

3S multitude of infiammatoiy processes. Thus, S-HT2 and S-HT3 receptor antagonists 
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are both suitably used, either individually or together, in the solution of the present 
invention, as shall be described subsequently. AmitriptyUne (Elavil*^) is a suitable 
S-HT2 receptor antagonist for use in the present invention. Amitriptyiine has been 
used clinically for numerous years as an anti-depressant, and is found to have 
S beneficial effects in certain chronic pain patients. Metoclopramide (Regllan'^) is used 
clinically as an anti-emetic drug, but displays moderate aflfinity for the 5-HT3 receptor 
and can inhibit the actions of 5-HT at this receptor, possibly inhibiting the pain due to 
5-HT release fi-om platelets. Thus, it also is suitable for use in the present mventioa 
Other suitable 5-HT2 receptor antagonists include imipramine, trazodone, 

10 desipramine and ketanserin. Ketanserin has been used clinically for its anti- 
hypertensive effects. Hedncr, T., et. al.. Effects of a New Serotonin Antagonist, 
Ketanserin, in Experimental and Clinical Hypertension^ Am J of Hypertension, 
pp. 3 17S-23S (Jul. 1988). Other suitable 5-HT3 receptor antagonists include dsapndt 
and ondansetron. The cardiovascular and general vascular solution also may contain a 

15 serotonini3 (also known as serotoniny^^) antagonist because serotonin has been 
shown to produce significant vascular spasm via activation of the serotoniniQ 
receptors in humans. Kaumann, A.J., et al., Variable Participation of 5-HTJ-Like 
Receptors and S-HTl Receptors in Serotonin-Induced Contraction of Human 
Isolated Coronary Arteries, Circulation 90, pp. 1 141-53 (1994). Suitable serotonuiiB 

20 receptor antagonists include yohimbine, N-[-methoxy-3-(4-methyl-l- 
piperanzinyI)phenyl]-y-methyl-4H5-methyH, 2, 4-oxadiazol-3.yl)[l, l-biphenyl]-4- 
carboxamide ("GR127935*') and methiothepin. Therapeutic and preferred 
concentrations for use of these drugs in the solution of the present invention are set 
forth in Table 1. 

25 Table 1 

Therapeutic and Preferred Concentrations of 

Pain/Inflammation Inhibitory Agents 

Therapeutic 

Concentrations 
Cl^s pf Agent rNranomQlar;> 
Serotonin2 Receptor Antagonists : 

amitriptylme 0. 1 - 1,000 50 - 500 



Preferred 

Concentrations 

(Nanomolart 



imipramine 0. 1 - 1,000 SO - 500 
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trazodone 0.1-2,000 50 - 500 

desipramine 0.1-1,000 50-500 

tetanscrin 0.1-1.000 50 - 500 

S^tonii^ ff Antagomsts: 

tropisetron 0.01-100 0.05 - 50 

metoclopramide 10-10,000 200 - 2,000 

cisapride 0.1-1,000 20 - 200 

ondansetron 0.1-1,000 20 - 200 
Serotonin j B <Human ID^ ) Antagonists: 

yohimbine 0.1-1,000 50 - 500 

QR127935 0.1- 1,000 10-500 

methiothepin 0.1 - 500 1-100 

B , Serotonin Receptor Agonists 

5-HTiA, S-HTiB and S-HTu) receptors are known to inhibit adenylate 
cyclase activity. Thus inchiding a low dose of these serotonini;^ serotoniniB ^ 
serotoniniQ receptor agonists in the solution should inhibit neurons mediating pain 
5 and inflammation. The same acdon is expected from serotonin^B and saotomnip 
receptor agomsts because these receptors also inhibit adenyiate cjrdase. 

Buspirone is a suitable 1 A receptor agonist for use in the present invention. 
Sumatriptan is a suitable lA, IB, ID and IF receptor agomst. A suitable IB and ID 
receptor agonist is ^ydroergotamine. A suitable IE receptor agonist is ergonovine. 
10 Therapeutic and preferred concentrations for these recqitor agonists are provided in 
Table 2. 
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TaMe2 

Therapeuti c and Preferred Concentrationg of 

Pain/Inflainmatinn Inhibitory Ag entfi 
Therapeutic 



Class of Agent 

buspirone 

sumatriptan 
Serotonin t B Agonists : 



Concentrations 
(Nmomohr) 

1-1,000 
1 - 1,000 



Frefiarred 
Concentratioiu 
^Nanomolar) 

10 - 200 ' 
10 - 200 



dil^droergotamine 

sumatriptan 
Serotonini^ Affonistar 

dihydroergotamine 

sumatriptan 
Serotomn j p Agonists : 



0.1 - 1,000 
1 - 1,000 

0.1-1,000 
1-1,000 



10 - 100 
10-200 

10 - 100 
10-200 



ergonovine 
Sa-otomn|g Agonists : 



10-2,000 



100-1,000 



10 



sumatriptan 1-1,000 10 - 200 

C. Histamine Receptor Antuff^niy^ff 

Histamine receptors general^ are divided into histamine! (Hi) and histamine2 
(Hj) subtypes. The classic i nflammatory response to the peripheral adminisitration of 
histamine is mediated via the Hj receptor. Douglas, 1985. Therefore, the sohition of 
the present invention preferably inchides a histamine Hj receptor antagonist. 
Promethazine (Phenergan™) is a commonly used anti-emetic drug which potently 
blocks Hi receptors, and is suitable for use in the present invention. Interestingly, this 
drug also has been shown to possess local anesthetic effects but the concentrations 
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necessaiy for this effect are several orders highar than that necessary to block Hj 
receptors, thus, the effects are believed to occur by different mechanisms. The 
histamme receptor antagonist concentration in the solution is sufficient to inhibit Hi 
receptors involved in nociceptor activation, but not to achieve a "local anesthetic" 
5 effect, thereby eliminating the concern regarding systemic side effects. 

Histamine receptors also are known to mediate vasomotor tone in the 
coronary arteries. In vitro studies in the human heart have demonstrated that the 
histamine^ receptor subtype mediates contraction of coronary smooth muscle. 
Ginsburg, R., et aL, Histamine Prmocatim of Clinical Coronary Artery ^asm: 

10 In^lications Concerning Pathogenesis of Variant Angina Pectoris, American Heart 
I, Vol. 102, pp. 819-822, (1980). Some studies suggest that histamine-induced 
hypercontractility in the human coronary system is most pronoimced in the proximal 
arteries in the setting of atherosclerosis and the associated denudation of the arterial 
endothelium. Keitoku, M. et al.. Different Histamine Actions in Proximal and Distal 

15 Human Coronary Arteries in Vitro, Cardiovascular Research 24, pp. 614-622, 
(1990). Therefore, histamine receptor antagonists may be inchided in the 
cardiovascular irrigation solution. 

Other suitable Hj receptor antagonists include terfenadine, diphenhydramine, 
amitriptyline, mepyramine and tripolidine. Because amitriptyline is also effective as a 

20 serotonin2 receptor antagonist, it has a dual fimction as used in the present invention. 
Suitable therapeutic and preferred concentrations for each of these H^ receptor 
antagonists are set forth in Table 3. 



wo 00/25745 



-20- 



PCTAJS99/26330 



Tables 

Therapeutic and Preferred Concentrations of 
Pain/Inflammation Tnhibitorv Agents 



Class of Agent 

Histamine i Receptor Antagonists : 

promethazine 

diphenhydramine 

amitriptyline 

terfenadine 

mepyramine (pyriiamine) 
tripolidine 



Therapeutic Frefeinred 
Concentrations Concentrations 
fManomolar'^ (Nanomolar) 



ai . 1,000 

ai . 1,000 

0,1-1,000 
0,1-1,000 
0.1 - 1,000 
0.01 - 100 



50*200 

50 - 200 

50-500 

50-500 

5-200 

5-20 



D. Bradvldnin Receptor Antagonists 

5 Bradyldnin receptors generally are divided into bradykininj (B^) and 

bradykinin2 (B2) subtypes. Studies have shown that acute peripheral pain and 
inflammation produced by bradykinin are mediated by the B2 subtype wfaa:ea8 
bradykinin-induced pain in the setting of chronic inflanmiation is mediated via the B^ 
subtype. Perkins, M.N,, et. aL, Antinociceptive Activity of the Bradykinin Bl and B2 

10 Receptor Antagmists, des-Ar^, /Leu^J-BK and HOE 140, in Two Models of 
Persistent Hyperalgesia in the Rat, Pain 53, pp. 191-97 (1993); Dray, A., et. al., 
Brmfykinin and Inflammatory Pain, Trends Nairosci 16, pp. 99-104 (1993), each of 
^v^ch references is hereby es^ressly incorporated by reference. 

At present, bradykinin receptor antagonists are not used clinically. These 

15 drugs are peptides (small proteins), and thus they cannot be taken orally, because they 
would be digested. Antagonists to B2 receptors block bradykinin-induced acute pain 
and inflammation. Dray et. al., 1993. B^ receptor antagonists inhibit pain in chronic 
inflammatory conditions. Perkins et al., 1993; Dray et. aL, 1993. Therefore. ' 
dqpendmg on the application, the solution of the present invention preferably indudes 

20 dither or both bradykinin B^ and Bj receptor antagonists. For example, arthroscopy 
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IS 



is pofonned for both acute and chronic conditions, and thus an irrigation solution for 
arthroscopy could inchide both and B2 receptor antagonists. 

Suitable btad^dnin receptor antagonists for use in the present invention 
inchide the following bradjidnini receptor antagonists: the [des-Arg^^ derivative of 
D-Arg-(Hyp3-Thi5.D.ric7.0ic8>BK ("the [des-ArglO] derivative of HOE 140", 
ava^le from Hoechst Pharmaceuticals); and [Leu^ des-Aig'-BK. Suitable 
bradykinin2 receptor antagonists indude: [D-Phe^]-BK; 
D-Arg-(Hyp3.Thi5.8-D-Phe7)-BK (-WC 349"); D.Arg-(Hyp3-D.Phe7).BK ("NPC 
567"); and D-Arg-(Hyp3-Thi3.D-ric7.0ic«)-BK ("HOE 140"). These compounds are 
more folly described in the previous^ incorporated Feridns et. al. 1993 and Dray 
etaL 1993 references. Suitable therapeutic and prefored concentrations are 
provided in Table 4. 

Table 4 

Therapeutic and Preferred Concentrations of 

Pain/faflanmiation Inhibitory Agents 
Therapeutic 



Class of Agent 

Brad^ddnin j Receptor Antagonists : 

[Lca8]des-Arg9.BK 

[des-Argl**] derivative of HOE 140 
[leu£] [des-ArgiO] kaUiden 

Bradvkinm2 Receptor Antagonists; 

[D-Phe7]-BK 

NPC 349 

NPC 567 

HOE 140 



Concentrations 
fNanomolar^ 

1-1,000 

1-1,000 
0.1 - 500 



100 - 10,000 
1 - 1,000 
1 - 1,000 
1-1,000 



Preferred 
Concentrations 
rNanomolar^ 

50-500 

50 - 500 
10-200 



200 - 5,000 
50-500 
50 - 500 ■ 
50-500 



E. Kallikrein Inhibitors 

The p^de bradykinin is an unportant mediator of pain and inflammation, as 
noted previously. Bradykinin is produced as a cleavage product by the action of 
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kallikrem on high molecular weight kininogens in plasnuL Therefore kallikrein 
inhibitors are believed to be therapeutic in inhibiting bradykinin production and 
resultant pain and inflammation. A suitable kallikrein inhibitor for use in the present 
invention is aprotinia Suitable concentrations for use in the solutions of the present 
S invention are set forth below in Table S . 

Tables 

Therapeutic and Preferred Concentrations of 
Pain/Inflammation Inhibi tofv Agents 



Therapeutic Preferred 

Concentrations Concentrations 

CtosofAgCTt (NanomQliff) fl^momfflar) 

Kallikrein Inhibitor: 

Aprotinin 0. 1 - 1,000 50 - 500 



10 F. Tachykinin Receptor Antagonists 

Tachykinins (TKs) are a family of structurally related peptides that include 
substance P, neurokinin A (NKA) and neurokinins (NKB). Neurons are the major 
source of TKs in the periphery. An important general effect of TKs is neuronal 
stimulation, but other effects inchide endotheUum-dependent vasodilation, plasma 

IS proton extravasation, mast cell recruitment and degranulation and stimulation of 
inflammatory cells. Maggi, C.A., Gen. Pharmacol^ VoL 22, pp. 1-24 (1991). Due to 
the above combination of physiological actions mediated by activation of TK 
receptors, targeting of TK receptors is a reasonable i^proach for the promotion of 
analgesia and the treatment of neurogenic inflammation. 

20 1. Neurokinin! Recq)tor Subtype Antagonists 

Substance P activates the neurokinin receptor subtype referred to as NK^. 
Substance P is an undecapeptide that is present in sensory nerve terminals. 
Substance P is known to have multiple actions which produce inflanomation and pain 
in the periphery after C-fiber activation, including vasodilation, plasma extravasation 

25 and degranulation of mast cells. Levine, ID., et. al.. Peptides and the Primary' 
Afferent Nociceptor, J. Neurosci. 13, p. 2273 (1993). A suitable Substance P 
antagonist is (|P-Pro^[spiro-ganraia-lactam]L«ilO Xipll]physalaemin-(l-ll)) ("GR 
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82334"). Other suitable antagonists for use in the present invention vfbkh act on the 
NK^ receptor are: l-iniino-2-(2-methoxy-phen^)-ethyl)-7,7-diphmyi«4- 
perhydroisoindolone(3aR,7aR) ("TXP 6758(r); and 2S.3S-ds-3-(2-metha}c^- 
benz^aniino)-2-benzhydiylquinuciidine (^CP 96,345"). Suitable concentrations for 
these agents are set forth in Table 6. 

Table 6 

Therapeutic and Preferred Concentrations of 
Pain/Inflanmiation Inhibitory Agents 



Class pf Aggnt 

Neurokinini Receptor Subtype Antagonists 
GR 82334 

CP 96,345 

»P 67580 



Therapeutic 

Concentrations 

(Nanomolar) 

1 • 1,000 
1-10,000 



Prefenred 

Concentrations 

fNanomolar> 

10 . 500 
100-1,000 



0.1-1,000 100-1,000 

10 Z Neun3kiiun2 Receptor Subtype Antagonists 

Neurokinin A is a peptide which is colocalized in sensoxy neurons with 
substance P and wUch also promotes inflammation and pain. Neurokinin A activates 
the specific neurokinin receptor referred to as NK2. Edmonds-Alt, S., et al., A 
Potent and Selective Non-Peptide Antagonist of the Neurokinin A (NK^ Receptor, 

15 Life Sci- 50:PL101 (1992). In the urinary tract, TKs are powerfiil spasmogens acting 
through only the NK2 receptor in the human bladder, as well as the human urethra 
and ureter. Maggi, C.A., Gen. Pharmacol, Vol. 22, pp. 1-24 (1991). Thus, the 
desved dmgs for incluaon m a surgical solution for use in urolo^cal procedures 
would contain an antagonist to the NK2 receptor to reduce spasm. Examples of 

20 suitable NK2 antagonists include: ((S)-N-methyl-N-[4-(4-acetylamino-4- 
phenylpiperidino)-2- (3,4-dichlorophenyl)butyl]benzamide C*(±)-SR 48968"); Kfct- 
Asp-Trp-Phe-Dap-Leu ("MEN 10,627"); and cyc(Gta-Trp-Phe-Gly-Leu-Met) 
("L 659,877*). Suitable concentrations of these agents are proyided in Table 7. 
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Table 7 

Therapeutic and Preferred Concentrations of 
Pain/Ihflammatton Inhibitory Agents 



10 



Class of Agent 

Neurokinin; Receptor Subtype Antagonists : 
MEN 10,627 
L 659,877 



Therapeutic Preferred 
Concentrations Concentrations 
(Nanomolar) f^?anomolar'> 



1-1,000 
10-10,000 



10-10,000 



10-1,000 
100-10,000 



100-10,000 



(±).SR 48968 

G. CGRP Receptor Antagonists 

Calcitonin gene-rdated peptide (CGRP) is a peptide which is also colocalized 
in sensory neurons with substance P, and which acts as a vasocfilator and potentiates 
the actions of substance P. Brain, SJ}., et. aL, Inflammatory Oedsma Induced by 
Synerpm Between Calcitonin Gem-Related Peptide (CGBP) and Mediatcrs of 
Increased Vascular Permeability^ Br J. Pharmacol. 99, p. 202 (1985). An example 
of a suitable CGRP receptor antagonist is I-CGRP-(8-37), a truncated version of 
CGRP. This polypeptide inhibits the activation of CGRP recq>tors. Suitable 
concentrations for this agent are provided in Table 8. 
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TableS 

Therapeut ic and Preferred Concentrations of 



10 



15 



OaagofApent 

CGRP Receptor Antayonisf 



Therapeutic Preferred 
Concentrations Concentrations 



1-1,000 



10-500 



I-CGRP-(8-37) 

H. Interieuldn Receptor Antagonist 

Inteileukins are a fanuly of peptides, dassified as cytokines, produced by 
leukocytes and othw cells in re^onse to inflammatoiy mediatois. Literleukins (BL) 
may be potent hyperalgesic agents peripheraUy. Ferriera, SM., et al., Interleukin-lS 
as a Potent Hyperalgesic Agent Antagonized by a TYipeptide Analogue, Nature 334, 
p. 698 (1988). An example of a suitable IL-ld receptor antagonist is Lys-D-Pro-Thr, 
which is a truncated version of IL-1*. This tripeptide inhibits the activation of IL-ld 
receptors. SuitaUe concentrations ior this agent are provided in Table 9. 

Table 9 

Therapeutic and Prefare d Concentrations of 
Pain/faflammation Inhibitorv Agents 



Therapeutic Preferred 
Concentrations Concentrations 
rNanomolart 

Interieukin Receotor Atrtaffnm>f 



Ly»-D-Pro-Thr 



1-1,000 



10-500 
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T Tnl^ihitnra of Enzvmes Active in the Synthetic Pathway 
for A^raehidonic Add Metabolites 

L PhosphoGpase Inhibitors 

The production of arachidonic acid by phospholipase Ai (PLA3) results in a 

5 cascade of reactions that produces numerous mediators of iniSammationy know as 
eicosanoids. There are a number of stages throughout this pathway thai can be 
inhibited, thereby decreasing the production of these inflammatory medators. 
Examples of inhibition at these various stages are given below. 

Inhibition of the en2yme PLA2 isoform inhibits the release of arachidonic add 

iO from cell membranes, and therefore inhibits the production of prostaglandins and 
leukotrienes resulting in decreased inflammation and pain. Glaser, K.B., Regulation 
of Phospholipase A2 Enzymes: Selective Inhibitors and Their Pharmacological 
Potential, Adv. Pharmacol 32, p. 31 (1995). An example of a suitable PLA2 isoform 
inhibitor is manoalide. Suitable concentrations for this agent are induded in Table 10. 

IS XnUbtdon of the phospholipase C, (PLCr) isoform also will result m decreased 
production of prostanoids and leukotrienes, and, therefore, will result in decreased 
pain and inflammation. An example of a PLC, isoform inlubitor is l-[6-((17P-3- 
methoxyestra-l,3,5(10)-trien-17-yl)amino)he^l]-lH-pyrn>le-2,5-dione. 

Table 10 

20 Therapeutic and Preferred Concentrations of 

Pain/Inflammation Inhibitory Agents 



Class of Agent 

PLA2 Isoform Inhibitor : 
manoalide 



Therapeutic 

Concentrations 

(IKyiomQlar) 



Preferred 

Concentrations 

fflanprnplar) 



100-100,000 500-10,000 



2. CydooT^enase Inhibitors 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used as, 
25 anti-inflammatoiy, anti-pyretic, anti-thrombotic and analgesic agents. Lewis, R.A., 
Prostaglandins and Leukotrienes, In: Textbook of Rheumatology, 3d ed. (Kelley 
W.N., et. al., eds.), p. 258 (1989). The molecular targets for these dnigs are type I 
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and type n cyclooxyg^iases (COX-1 and COX-2). These enzymes are also known as 
Prostaglandin H Synthase (PGHS)-l (constitutive) and -2 Onducible), and catalyze the 
conversion of arachidonic acid to Prostaglandin H which is an intermediate in the 
biosynthesis of prostaglandins and thromboxanes. The COX-2 enzyme has been 
S identified in endothelial cells, macrophages, and fibroblasts. This enzyme is induced 
by IL-1 and endotoxin, and its expression is upregulated at sites of inflammation. 
Constitutive activity of COX-1 and mduced activity of COX-2 both lead to synthesis 
of prostaglandins whidi contribute to pain and inflammation. 

NSAIDs currently on the market (diclofenac, naproxen, indomethadn, 
10 ibuprofen, etc.) are generally nonselective inhibitors of both isoforms of COX, but 
may show greater selectively for COX-1 over COX-2, although this ratio varies for 
the different compounds. Use of COX-1 and 2 inhibitors to block formation of 
prostaglandins represents a better therapeutic strategy than attempting to block 
interactions of the natural ligands with the seven described subtypes of prostanoid 
IS receptors. Reported antagonists of the eicosanoid receptors ^P-1, EP-2, EP-3) are 
quite rare and only specific, high a£5mty antagonists of the thromboxane A2 receptor 
have been reported. Wallace, J. and Cirino, G. Trends in Pharm. ScL^ VoL 15 
pp. 405-406 (1994). 

The oral, intravenous or mtramuscular use of cyclooxygenase inhibitors is 
20 contraindicated in patients with ulcer disease, gastritis or renal impauxnent Li the 
United States, the only available mjectable form of this dass of drugs is ketorolac 
(ToradolT^^), available firom Syntex Pharmaceuticals, which is conventionally used 
intramusculariy or intravenously in postoperative patients but, again, is 
contraindicated for the above-mentioned categories of patients. The use of ketorolac, 
25 or any other cyclooxygenase inhibitor(s), in the solution in substantially lower dosages 
than currently used perioperatively may allow the use of this drug in otherwise 
contraindicated patients. The addition of a cyclooxygenase inhibitor to the solutions 
of the present invention adds a distmct mechanism for inhibiting the production of 
pain and inflammation during arthroscopy or other therapeutic or diagnostic 
30 procedure. 

Preferred cyclooxygenase inhibitors for use in the present invoition are 
ketorolac and indomethadn. Of these two agents, mdomethacm is less preferred 
because of the relatively high dosages required. Therapeutic and preferred- 
concentrations for use in the solution are pro^dded in Table 11. 
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Table 11 

Therap^tic anj Preferred Conc^r^tioq^ pf 
Pajn/Inflanmiatipn Inhibftgyy Agents 



10 



15 



20 



Class of Agent 

Cyplppxygei^se IhhibHprs: 

ketorolac 

indomethadn 



Therapeutic 

Concentrations 

(Nanomolar) 



100-10,000 
1,000 - 500,000 



Preferred 

Concentrations 

^Nanomolar) 



500 - 5,000 
10,000-200,000 



3. 



Inhibition of the enzyme lipooxygenase inhibits the production of leukotrienes^ 
sudi as leukotriene B4, which is knomi to be an important mediator of inflammation 
and pain. Lewis, R.A., Prostaglandins and Leukotrienes, In: Textbook of 
Rheumatology, 3d ed. (KeUey W.N., et. al„ eds.), p. 258 (1989). An example of a 5- 
lipooxygenase antagonist is 2,3,5-trimethyI-6-(12-hydroxy-5,10.dodecadiynyl)-l,4«- 
benzoquinone C'AA 861"). suitable concentrations for which are listed in Table 12. 

Table 12 

Therapeutic and Preferred Concentrations of 
Pain/Inflamma tion Inhibitory Ag ents 



Therapeutic 
Concentrations 
(Nanomqlar) 



Preferred 
Concentrations 
(ywomqlff) 



. Class of Agent 
LipQQxyggnase Inhibitor 

AA861 100-10,000 500-5,000 

J. Prostanoid Receptor Antagonists 

Spedfic prostanoids produced as metabolites of arachidonic add mediate their 
inflanunatory effects through activation of prostanoid receptors. Examples of classes 
of specific prostanoid antagonists are the eicosanoid EP-1 and EP-4 receptor subtype 
antagonists and the thromboxane receptor subtype antagonists. A suitable 
prostaglandin £2 receptor antagonist is 8-chlorodibenz[b,f][l,4]oxazepine-10(llB)- 
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carbo^tylic add, 2-acetylhydrazide CSC 19220"). A suitable thromboxane recq)tor 
subtype antagonist is [15-[la, 2P(5Z), 3P, 4a]-7-[3-[2-(phenylamino)-carbonyl] 
hydrazino] methyl]-7-oxobicydo-[2,2,l]-hept-2-yl]-5-heptanoic add ("SQ 29548"). 
Suitable concentrations for these agents are set forth in Table 13. 

5 Table 13 

Therapeutic and Prrferred Concentrations of 
Pain/Diflammation Inhibitory Agents 



Therapeutic Preferred 
Concentrations Concentrations 
Class of Agent (N^nprnolar) fNanomQlar;^ 

Etcosanoid EP-1 Antagonist : 

SC 19220 100-10,000 500-5,000 

K. Leukotriene Receptor Antagonists 

10 The leukotrienes (LTB4, LTC4, and LTD4) are products of the 

5-lipooxygenase pathway of arachidonic add metabolism that are generated 
enzymatically and have important biological properties. Leukotrienes are implicated 
in a number of pathological conditions including inflammatioa Specific antagonists 
are currently being sought by many pharmaceutical companies for potential 

IS therapeutic intervention in these pathologies. Halushka, P. V., et at., Annu. Rev. 
Pharmacol Toxicol. 29: 213-239 (1989); Ford-Hutchinson, A, Crit Rev. Iimnunol. 
10: 1-12 (1990). The LTB4 receptor is found in certain immune cells induding 
eosinophils and neutrophils. LTB4 binding to these receptors results in chemotaxis 
and lysosomal enzyme rdease thereby contributing to the process of inflammation. 

20 The signal transduction process associated with activation of the LTB4 receptor 
involves G-protein-mediated stimulation of phosphotidylinositol (PI) metabolism and 
devation of mtraceUular cddum (see FIGURE 2) . 

An example of a suitable leukotriene B4 receptor antagonist is SC (+HS)-7- 
(3-(2-(cyclopropyimethyl)-3-methoxy-4-[(methylaniino)-caibonyl]phe 

25 3,4-dihydro-8-propyl-2H-l-benzopyran-2-propanoic add ("SC 53228"). 
Concentrations for this agent that are suitable for the practice of the present invention 
are provided in Table 14. Other suitable leukotriene B4 receptor antagonists indude 
[3-[-2(7-chloro-2-quinolmyl)ethenyl]phenyl] [[3-(dimethylamino-3-oxoprop5d)thio] 
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methjdlthiopropanotc add CMK 0571") and the drugs LY 66,071 and ICl 20,3219. 
MK 0571 also acts as a LTD4 recq>tor subtype antagonist 

Table 14 

Therapeutic and Preferred Concentrations of 
5 yftin/Inflymnation )tohil^itQry Ag^ts 



Theraq;)eutic Prefisrred 
Concentrations Concentradqns 



Leukotriene B4 Antagonist : 

SC 53228 100-10,000 500-5,000 

L. Opioid Receptor Agonists 

Activation of opioid receptors results in anti-nodcq)tive e£kcts and, 
th^efore, agonists to these receptors are desirable. Opioid receptors include the 

10 5* and K-opioid receptor subtypes. The (x-receptors are located on sensory neuron 
terminals in the periphery and activation of these receptors inhibits sensory neuron 
activity. Basbaum, AI., et. al.. Opiate analgesia: Haw Central is a Peripheral 
Target?, N. Engl. J. Med,, 325:1168 (1991). A- and P-receptors are located on 
sympathetic efferent terminals and inhibit the release of prostaglandins, thereby 

15 inhibiting pain and inflammation. Taiwo, Y.C, et al., Kappa-^ and Delta-Opioids 
Block Sympathetically Dependent Hyperalgesia, J.Neurosd, Vol. 11, page 928 
(1991). The opioid receptor subtypes are members of the G-protdn coupled receptor 
super&mily. Therefore, all opioid receptor agonists intaract and imtiate signaling 
through their cognate G-protdn coupled receptor (see FIGUKES 3 and 7). Examples 

20 of suitable T-opioid receptor agonists are fentanyl and Try«D-Ala-Gly-(N-MeFhe]- 
NH(CH2)-0H ("DAMGO"). An example of a suitable A-opioid receptor agonist is 
[D-Pen2,D-Pen5]enkephalin ("DPDPE"). An ©cample of a suitable P-opioid receptor 
agonist is (trans)-3,4-dichloro-N-raethyl-N-[2-(l-pyTrolidnyl)cyclohexyl]-benzene 
acetamide ('1150,488"). Suitable concentrations for each of these agents are set forth 

25 in Table 15, 
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Table IS 

Therapeutic and Preferred Concentrations of 
Pain/Inflammation Inhibitory Agents 

Class of Agent 
T-QpiQjd Agonist: 

DAMGO 
sufentanyl 
fffltanyi 
PL 017 

5-Opioid Agonist: 
DPDPE 

K->Opioid Agonist : 
U50,488 

5 M. Purinoceptor Antagonists and Agonists 

Extracellular ATP acts as a signaling molecule through interactions with P2 
purinoceptors. One major class of purinoceptors are the P2x purinoceptors which are 
ligand'gated ion channels possesang intrinsic ion channels permeable to Na+, K^, and 
Ca^"^. p2x receptors described in sensory neurons are important for primary afferent 

10 neurotransmission and nociception. ATP is known to depolarize sensory neurons and 
plays a role in nociceptor activation since ATP released from damaged cells stimulates 
P2X receptors leading to depolarization of nociceptive nerve-fiber termiiwls. The 
P2X3 receptor has a highly restricted distribution (Chen, C.C., et. al., Nature, 
Vol 377, pp. 428-431 (1995)) since it is selectively expressed in sensory C-fiber 

IS nerves that nm into the spinal cord and many of these C-fibers are known to carry the' 
receptors for painful stimuli. Thus, the highly restricted localization of expression for 



Therapeutic Preferred 
Concentrations Concentrations 
fNanomolar) (Nanomolar^ 



0.1-100 
0.01-50 
0.1-500 
0.05-50 



0.5-20 
1-20 
10-200 
0.25-10 



0.1-500 



1.0-100 



0.1-500 



1.0-100 
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the P2X3 receptor subunits make these subtypes excellent targets for analgesic action 
(see HGfUBES 3 and 7). 

Suitable antagonists of P2X/ATP purinoceptors for use in the present 
invention include, by way of example, suramin and pyrido^lphosphate-6-azophenyl- 
5 2,4-disulfonic acid C*PPADS"). Suitable concentrations ftr these agents are provided 
m table 16. 

Agonists of the receptor, a G-protein coupled receptor, are known to 
effect smooth muscle relaxation through elevation of inositol triphosphate (IP3) levels 
with a subsequent increase in intracellular calcium. An example of a Pi? receptor 
10 agonist is 2-me-S-ATP. 

Table 16 

Therapeutic and Preferred Concentrations of 
Pain/Inflanrniation Inhibitory Agents 



Therapeutic Preferred 
Concentrations Concentrations 
Class of Agent (Nanomolar^ (Nanomolar) 

Purinoceptor Antagonists : 

suramin 100-100,000 10,000-100,000 

PPADS 100-100,000 10,000-100,000 

15 N. Adenosi ne Triphosphate f ATPVSensitive Potassium Channel Openers 

ATP-sensitive potassium channels have been discovered in numerous tissues, 
including vascular and non-vascular smooth muscle and brain, and binding studies 
using radiolabeled ligands have confirmed thrir existence. Opening of these channels 
causes potassium (K") efflux and hyperpolarizes the cell membrane (see HGUKE 2). 

20 This hyperpolarization induces a reduction in intracellular firee calcium through 
inhibition of voltage-dependent calchim (Ca^*) dumnds and recq)tor operated Ca^^ 
channels. These combined actions drive the cell (e.g., smooth musde cell) into a 
rdaxed state or one which is more resistant to activation and, in the case oif vascular 
smooth muscle, resuhs in vasorelaxation. K* channd openers (KCOs) have been 

25 characterized as having potent antihypertensive activity in vivo and vasorelaxant 
activity in vitro (see FIGURE 4). channel openers (KCOs) also have been shown 
to prevent stimulus coupled secretion and are considered to act on prejunctional 
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neuronal receptors and thus will inhibit effects due to nerve stinmlation and release of 
inflammatoiy mediators. Qaast, U., et. aL, Cellular Pharmacology of Potassium 
Channel Openers in Vascular Smooth Muscle, Cardiovasc. Res., VoL 28, pp. 80S- 
810 (1994). 

5 Synergistic interactions between endothelin (ET^ antagonists and openers of 

ATP-sensitive potassium channels (KCOs) are expected in achieving vasorelaxation 
or smooth muscle relaxation. A rationale for dual use is based upon the fiau:t that 
these drugs have different molecular mechanisms of action in promoting relaxation of 
smooth muscle and prevention of vasospasm. An initial intracettular caldum elevation 

10 in smooth muscle cells induced by the ET^^ recqptor subsequently triggers activation 
of voltage-dependent channels and the entry of extracellular caldimi which is required 
for contractioa Antagonists of the ET^^ receptor will specifically block this recq>tor 
mediated effect but not block increases in calcium triggered by activation of other 
&protein coupled receptors on the muscle cell. 

IS Potassium-channel opener drugs, such as pinacidil, will open these channels 

causing efQux and hyperpolarization of the cell membrane. This hyperpolarization 
will act to reduce contraction mediated by other receptors by the following 
mechanisms: (1) it will induce a reduction in intracellular free calcium through 
inhibition of voltage-dependent Ca^^ channels by reducing the probability of opening 

20 L-type or T-type caldum channds, (2) it will restrain agonist induced (recq>tor 
opmted channds) Ca^^ rdease fix>m intracellular sources through inhibition of 
inositol triphosphate (IP3) formation, and (3) it will lower the effidency of caldum as 
an activator of contractile protdns. Consequently, combined actions of these two 
classes of drugs will clamp the target cdls into a relaxed state or one which is more 

2S resistant to activation. 

Suitable ATP-sensitive channel openers for the practice of the present 
invention include: (-)pinaddil; cromakalim; nicorandil; minoxidil; N-cyano-N-[l,l- 
dimethyl-[2,2,3,3-'Hlpropyl]-N'*-(3-pyridinyl)guamdine ("P 1075"); and N-cyano-N- 
(2-nitroxyethyl)-3-pyridinecarboximidamide monomethansulphonate ("KRN 2391"). 

30 Concentrations for these agents are set forth in Table 17. . 
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Tabic 17 

Therapeutic and Preferred Concentrations of 
Pain/Inflammation Inhibitory Agents 



10 



15 



Class of Agent 

ATP-Sensitive Channel Opener : 



Therapeutic Prefeired 
Concentrations Concentrations 
(yrnQmply) ( NangmQlar) 



cromakalim 


10-10,000 


100-10,000 


nicorandil 


10-10,000 


100-10,000 


minoxidil 


10-10,000 


100-10,000 


P 1075 


0.1-1,000 


10-1.000 


KRN2391 


1-10,000 


100-1,000 


(-)pii)addil 
5 0, Anti-5piWniAg?nt? 


1-10,000 


100-1,000 



1. Multifuncdon Agents 

Several of the anti-pain/anti-inflammatory agents described above also serve to 
inhibit vasoconstriction or smooth muscle spasm. As such, these agents also perform 
the function of anti-spasm agents, and thus are beneficially used in vascular and 
urologic applications. Anti-inflammatory/anti-pain agents that also serve as anti- 
spasm agents include: serotonin receptor antagonists, particularly, serotonin2 
antagonists; tachykinin receptor antagonists and ATP-sensitive potassium channel 
openers. 

2. Mtiic Oxide Donors 

Nitric oxide donors may be included in the sohitions of the present invention 
particularly for thek anti-spasm activity. Nitric oxide (NO) plays a critical role as a 
molecular mediator of many physiological processes, including vasodilation and 
regulation of normal vascular tone. Within endothelial cells, an enzyme known as NO 
synthase (NOS) catalyzes the conversion of L-arginine to NO which acts as a 
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difi^ble second messenger and mediates responses in adjacent smooth musde cells 
(see FIGURES). NO is continuously formed and released by the vascular 
endothelium under basal conditions which mhibits contractions and controls basal 
coronary tone and is produced in the endothelium in response to various agonists 
5 (such as acetylcholine) and other endothelium dependent vasodilators. Thus, 
regulation of NO synthase activity and the resultant levels of NO are key molecular 
targets controlling vascular tone (see FIGURE 8). Muramatsu, K., et. al,, Coron. 
Artery Dis., Vol. 5, pp. 815-820 (1994). 

Synergistic interactions between NO donors and openers of ATP-sositive 

10 potasiuum channels (KCOs) are expected to achieve vasorelaxation or smooth musde 
relaxation. A rationale for dual use is based upon the &ct that these drugs have 
different molecular mechanisms of action in promoting relaxation of smooth muscle 
and prevention of vasospasm. There is evidence from cultured coronary arterial 
smooth muscle cells that the vasoconstrictors: vasopressin, angotensin II and 

15 endothelin, all inhibit K^w currents through inhibition of protein kinase A. In addition, 
it has been reported that Katp current in bladder smooth muscle is inhibited by 
muscarinic agonists. The actions of NO in mediating smooth muscle relaxation occur 
via independent molecular pathways (described above) involving protein kinase G (see 
FIGURE 8). TWs suggests that the combination of the two classes of agents will be 

20 more efficacious m relaxing smooth muscle than employing a single class of agent 
alone. 

Suitable nitric oxide donors for the practice of the present mvention include 
nitroglycerin, sodium nitroprusside, the drug FK409, FR 144420, 
3-morpholinosydnonimine , or linsidomine chlorohydrate, ("SIN-l"); and S-nitroso- 
25 N-acetylpenicaiamine ("SNAP"). Concentrations for these agents are set forth in 
Table 18. 
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Table 18 

Therapeutic and Preferred Concentrations of 
Spasm Inhibitory Agents 



Class of Agent 

Nitric Oxide Donors : 

Nitroglycerin 

sodium nitroprusside 

SIN-1 

SNAP 

EK409(NOR-3) 
FR 144420 (NOR^) 



Therapeutic Preferred 
Concentrations Concentrations 
(NTanomolar^ fNanomolart 



10-10,000 

10-10,000 

10-10,000 

10-10,000 

1-1,000 

10-10,000 



100-1,000 

100-1,000 

100-1,000 

100-1,000 

10-500 

100-5,000 



S 3. Endothelin Receptor Antagonists 

Endothelin is a 21 amino add peptide that is one of the most potent 
vasoconstrictors known. Three different human endothelin peptides, designated 
ET-1, ET-2 and ET-3 have been described which mediate their physiological effects 
through at least two receptor subtypes referred to as ET^ and ETq receptors. The 

10 heart and vascular smooth muscle contain predominantly ET^ receptors and this 
subtype is responsible for contraction in these tissues. Furthermore, ET^ receptors 
have often been found to mediate contractile responses in isolated smooth muscle 
preparations. Antagonists of ET;^ receptors have been found to be pot^ antagomsts 
of human coronary artery contractions. Thus, antagonists to the ET^^ receptor should 

15 be therapeutically beneficial in the perioperative inhibition of coronary vaso^iasm and 
may additionally be usdul in inhibition of smooth muscle contraction in uroiogical 
applications. Miller, RC, et. al.. Trends in Pharmacol Sd., Vol 14, pp. 54-60 . 
(1993). 

Suitable endothelin receptor antagonists include: cyclo(D-Asp-Pro-D-Val- 
20 Leu-D-Trp) fBQ 123"); (N,N-hexamethylene)-carbamoyl-Lcu.D-Trp-(CHO>D- 
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Trp-OH CBQ 610"); (R)2K[R-2-[(s)-2-ai-hexaliydro-lH-a2aq)inyi]Harbonyl^^ 
4-methyi-peiitanoyl) amino-3-(3[l-methyl-lH-iiuiodylDproi)ioiqfIainiiu)-3(2-pyri^ 
propionic acid ('TR 139317'); cyclo(D-Asp-Pro-D-ne-Leu-D-Trp) C'JKC 301"); 
cycio(D-Ser-Pro-D-Val-Leu.D-Trp) CJK302"); 5-(dimethylainino>N-(3.4-dimethyl- 
5 5-isoxazoIyl)-l-naphthalenesulphonaniide ("BMS 182874"); and N-[I-Fonnyl-N-[N- 
[(hexahydro-lH-a2epin-l.yl)carlK)nyl]-Weucyl]-D-tryptophyl]-D-^^ ■ 
('*BQ 610"). Conc«itrations for a representative three of these agents is set forth in 
Table 19. 

Table 19 

0 Therapeutic and Preferred Concentratinna nf 

Spasm Inhibitory Apenta 



15 



20 



Class of Aeent 

Bidothelin Receptor Antagonists ! 
BQ 123 
FR 139317 



Therapeutic 

Concentrations 

(Nanomolar) 



0.01-1.000 
1-100,000 



PrefMred 

Concentrations 

ni^anomolar^ 



10-1,000 
100-10,000 



0.01 to 10,000 10 - 1,000 



25 



BQ 610 

4. Ca^"*" Channel Antagonists 

Calcium channel antagonists are a distinct group of drugs that interfae with 
the transmembrane flux of calcium ions required for activation of cellular responses 
mediating neuroinflammation. Calcium entry into platelets and white blood cells is a 
key event mediating activation of responses in tiiese cells. Furtiiennore, the role of 
bradykinin receptors and neurokinin receptors (NKj and NK2) in mediating the 
neurwnflamniation agnal transduction pathway indiides Increases in intraceUular 
caldum, tiius leading to activation of calcium channels on tiie plasma membrane. Li 
many tissues, calcium channel antagonists, such as nifedipine, can reduce the release 
of arachidonic acid, prostaglandins, and leukotriaies tiiat are evoked by various . 
stimuO. Moncada, S., Rower, R. and Vane, J. in Goodman's and Gibnan's 
Pharmacological Basis of Ther(q>eutics, (7tii ed.), MacMillan PubL Inc., pp. 660-5 
(1995). 
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Caldum channel antagonists also interfisre ivhh the transmembrane flux of 
caldum ions required by vascular smooth muscle for contractions. This effect 
provides the rationale for the use of calcium channel antagonists perioperatively 
during procedures in which the goal is to alleviate vasospasm and promote relaxation 

5 of smooth muscle. The dihydropyridines, including nisoldipine, act as specific 
inhibitors (antagonists) of the voltage-dependent gating of the L-type subtype of 
calcium channels. Systemic administration of the calcium channel antagonist 
nife£pine during cardiac surgery previously has been utilized to prevent or m ini m ize 
coronary artery vasospasm. Sdtdberger, K, et. al.. Circulation, Vol. 83, pp. 460-468 

10 (1991), 

Caldum channd antagonists, which are among the anti-spasm agents usefiil in 
the present invention, exhibit synergistic effect when combined with other agents of 
the present mvention. Calcium (Ca^"*") channel antagonists and nitric oxide (NO) 
donors interact in achieving vasorelaxation or smooth musde rdaxation, i.e., in 

15 inhibiting spasm activity. A rationale for dual use is based upon the fact that these 
two classes of drugs have different molecular mechanisms of action, may not be 
completely effective in achieving relaxation used alone, and may have different time 
periods of effectiveness. In fact, there are numerous studies showing that caldum 
channel antagonists alone cannot achieve complete relaxation of vascular musde that 

20 has been precontracted with a receptor agonist. 

The effect of nisoldipine, used alone and in combination witii nitroglycmn, on 
spasm of the internal mammary artery (IMA) showed that the combination of the two 
drugs produced a large positive synergistic effect in the prevention of contraction 
(Liu ct al., 1994). These studies provide a scientific basis for combination of a 

25 calcium channel antagonist and nitric oxide (NO) donor for the efficadous prevention 
of vasospasm and relaxation of smooth muscle. Examples of systemic administration 
of nitroglycerin and nifedipine during cardiac surgery to prevent and treat myocardial 
ischemia or coronary artery vasospasm have been reported (Cohen etal., 1983; 
Sdtdbergeretal., 1991). 

30 Caldum channd antagonists also exhibit synergistic effect with endothdin 

receptor sub^e A (ET^ antagonists. Yanagisawa and coworicers observed that 
dihydropyridine antagonists blocked effects of ET-1, an endogenous agonist at the 
ETx receptor in coronary arterial smooth muscle, and hence speculated that ET-1 is 
an endogenous agonist of voltage-sensitive calcium chaimds. It has been found that 

35 the sustained phase of intracellular caldum elevation in smooth muscle cells induced 
by ET^ receptor activation requires extracellular calcium and is at least partially 
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blocked by nicardipine. Thus, the indusion of a calchim channel antagonist would be 
expected to synergisticaUy enhance the actions of an ET^ antagonist when combined 
in a surgical solution. 

Calcium channel antagonists and ATP-sensitive potassium channel openers 
likewise exhibit synergistic action. Potassium channels that are ATP-sensitive (K^ip) 
couple the membrane potential of a ceU to the ceU's metabolic state via sensitivity to 
adenosine nucleotides. K^jp channels are mhibited by intraceUular ATP but are 
stimulated by imraceHularnudeotide diphosphates. The activity of these channels is 
controfled by the electrochemical driving force to potassmm and intraceUuhr signals 
(e.g,, ATP or a G-protein), but are not gated by the membrane potential per se. K^ip 
channels hyperpolarize the membrane and thus aUow them to control the resting 
potential of the cell. ATP-sensitive potassium currents have been discovered in 
skeletal muscle, brain, and vascular and nonvascular smooth muscle. Bmding studies 
with radiolabeled Ugands have confirmed the existence of ATP-sensitive potasshm 
15 channels which are the receptor targets for the potassmm-channel opener drugs such 
as pinacidU. Opening of these channels causes potassium efflux and hyperpolarizes 
the cell membrane. This hyperpolarization (1) induces a reduction in intraceUular free 
calcwm through inhibition of voltage-dependent Ca** channels by reducing the 
probability of opening L-type or T-type calcium channels. (2) restrains agonist 
induced (at receptor operated channels) Ca^* release from intraceUular sources 
through mhibition of uiositol triphosphate (IP3) formation, and (3) lowers the 
effiraency of calcium as an activator of contractUe proteins. The combined actions of 
these two classes of drags (ATP-sensitive potassium channel openers and calcium 
channel antagonists) wiU clamp the target ceUs into a relaxed state or one which Is 
25 more resistant to activation. 

FinaUy, calcium channel antagonists and tachykinin and bradykinin antagonists 
eidubit synergistic effects in mediating neuroinflammation. The role of neurokinin 
receptors in mediating neuroinflammation has been estabUshed. The neurokmin, 
(NKi) and neurokinin, (NKj) receptor (members of the G-protein coupled 
30 superfimily) signal transduction pathway includes increases in intraceUular calcmm. 
thus leading to actuation of cakaum channels on the plasma membrane. Similarly, 
activation of bradykinim (BKj) receptors is coupled to mcreases in intraceUuhi^ 
calcium Thus, calcium channel antagonists mterfere with a common mechanism, 
involving elevation of intraceUdar calcmm. part of which enters through L-type 
35 channels. This is the basis for synergistic interaction between calcmm channel 
antagonists and antagonists to neurokmin and bradykinin2 receptors. 



20 
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Suitable caldum channel antagonists for the practice of the present invention 
include nisoldipine, nifedipine, nimodipine, laddipine, isradipine and amlodipinc. 
Suitable concentrations for these agents are set forth in Table 20. 

Table 20 

Therapeutic and Preferred roncentrations of 
S pasm Inhibitory Agents 



riflss of Agent 

( [^ ftlchim Cb i^nnel Antagonists: 

nisoldipine 

nifecUpine 

nimodipine 



isradipine 

amlodipine 
P fnti^Restenosis Agents 



Therap^tic 

Concentrations 

fWanomolar> 



M0,000 
1-10,000 
1-10,000 
1-10,000 
1-10,000 



1-10,000 



Preferred ^ 

Concentrations 

(Nanomolar^ 



100-1,000 
100-5,000 
100-5,000 
100-5.000 
100-5,000 
100-5,000 



Solutions of the present invention utilized for cardiovascular and gMcral 
10 vascular procedures may optionally also include an anti-restenosis agent, particularly 
for an^oplasty, rotational atiierectomy and otiier interventional vascular uses. The 
following dnigs are suitable for inclusion in the previously described cardiovascular 
and general vascular irrigation solutions when limitation of restenoas is indicated. 
The following anti-rest«iosis agents would preferably be combined witii anti-spasm, 
15 and still more preferably also witii anti-pain/anti-inflammation agents in th^ solutions 
of the present inventioa 

1. Antiplatd^ Agents 

At sites of arterial injury, platelets adhere to collagen and fibrinogen via 
specific cell surfiw^ receptors, and are then activated by several independent 
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mediators. A variety of agonists are able to activate platelets, including 
collagm, ADP, thromboxane A2, epinephrine and thrombin. Collagen and thrombin 
serve as primary activators at sites of vascular injury, while ADP and thromboxane A2 
act to recruit additional platelets into a growing platelet plug. The activated platelets 
S degranulate and release other agents \^ch serve as chemoattractants and 
vasoconstrictors, thus promoting vasospasm and platelet accumulation. Thus, anti- 
platelet agents can be antagonists drawn from any of the above agonist-receptor 
targets. 

Since platelets play such an in^rtant role in the coagulation cascade, oral 
10 antiplatelet agents have been routinely admiiustered to patients und^oing vascular 
procedures. Indeed, because of this muitipHcity of activators and observations that 
single antiplatelet agents are not effective, some investigators have concluded that a 
combined treatment protocol is necessary for effectiveness. Recently, Willerson and 
coworkers reported the intravenous use of 3 combined agents, ridogrel (an antagonist 
IS of thromboxane A2), ketanserin (a serotonm antagonist) and clopidogrel (an ADP 
antagonist). They foimd that the combination of 3 antagonists inhibited several 
relevant platelet functions and reduced neointimal proliferation in a canine coronary 
angioplasty model (JACC Abstracts, Feb. 1995). It is still uncertain approach 
to treatmmt of coronary thromboas will be most successful. One possibility would 
20 be to include an antiplatelet agent and an antithrombotic ag^t m the cardiovascular 
and general vascular solutions of the present invention. 

a> Thrombin Inhibitors and Receptor Antagonists 
Thrombin plays a central role m vascular lesion formation and is considered 
the principal mediator of thrombogenesis. Thus, thrombus formation at vascular 

25 lesion sites during and after FTCA (percutaneous transluminal coronary angioplasty) 
or other vascular procedure is central to acute reocchi^on and chronic restenosis. 
This process can be interrupted by application of direct anti-thrombins, including 
hirudin and its synthetic peptide analogs, as well as thrombin receptor antagonist 
peptides (Barker, et al., 1995, Am. J. Cardiol 75, 12B). Thrombin is also a potent 

30 growth factor which initiates smooth muscle cell proliferation at sites of vascular 
injury. In addition, thrombin also plays a role in modulating the effects of other 
growth factors such as PDGF (platelet-derived growth factor), and it has been shown 
that thrombm inhibitors reduce expression of PDGF mKNfA subsequent to vascular 
iigury induced by balloon angioplasty. 
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Himdin is the prototypic direct antithrombixi drug since it binds to the catalytic 
site and the substrate recognition site (exosite) of thrombin. Animal studies using 
baboons have shown that this proliferative response can be reduced 80% using 
recombinant hirudin (Ciba-Geigy). Hirubg (Biogen) is a dodecapq)tide modeled 
S after hirudin, and binds to the active site of thrombin via a Phe-Pro-Aig linker 
molecule. Large clinical trials of hirudin and hirulog are underway to test" their 
e£5cacy in reducing vascular lesions after PTCA and Phase II data on these inhibitors 
to date is positive, and both drugs are believed to be suitable in the solutions of the 
present invention. Preliminary results of a 1,200 patient trial with repeat angiographic 

10 assessment at 6 months to detect restenosis indicated superior short-term suppression 
ofischemic events with hirudin vs. heparin. An advantage of this approach is that no 
significant bleeding complications were reported. A sustained-rdease local hirulog 
therapy was found to decrease early thrombosis but not neointimal thickening after 
arterial stenting in pigs. Muller, D. et al., Sustained-Release Local Hirulog Tlmapy 

15 Decreases Early Thrombosis but not Neointimal Thickening After Arterial Stenting, 
Am. Heart J. 133, No. 2, pp. 211-218, (1996). In this study, hirulog was released 
from an impregnated polymer placed around the artery. 

Other active anti-thrombm agents being tested which are theorized to be 
suitable for the present invention are argatroban (Texas Biotechnology) and efegatran 

20 (Lilly). 
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Table 21 

Therapeutic and Preferred Concentrations of 
Restenosis Inhibitory Agents 



Therapeutic/Preferred Concentrations More preferred 

Class of Agent (WanomQly) (Nw^Ply) 

Thrombin Inhibitors 

and Receptor Angtagonists : 

hirudin 0.00003-3/0.0003-0.3 0.03 

hirulog 0.2-20,000/2-2,000 200 

b^ ADP Receptor Antagonists fPurinoceptor Antagonists) 
S Ticlopidine, an analog of ADP, inhibits both thromboxane and ADP-induced 

platelet aggregation. It is likely that ticlopidine blocks interaction of ADP with its 
receptor, thereby inhibiting signal transduction by this G-protein coupled receptor on 
the surface of platelet membranes. A prelinunary study showed it to be more effective 
than aspirin in combination with dipyridamole. However, the dinical use of 
10 ticlopidine has been limited because it causes neutropenia. Clopidogrd, a ticlopidine 
analog, is thought to have fewer adverse side effects than ticlopidine and is currentfy 
being studied for prevention of ischemic events. It is theorized that these agents may 
be suitable for use in the solutions of the present invention. 

c. Thromboxane Inhibitors and Receptor Antagonists 

IS Agents currently utilized for conventional methods of treatment of tfarombosb 

rdy upon aspirin, heparin and plasminogen activators. Aspirin irrever^ly acetylates 
cycloxygenase and inhibits the synthesis of thromboxane A2 and prostacyclin. While 
data support a benefit of aspirin for PTCA, the underlying eflScacy of aspirin is 
considered as only partial or modest. This is likely due to platelet activation through 

20 thromboxane A2 independent pathways that are not blocked by aspirin induced 
acetylation of cyclooxygenase. Platelet aggregation and thrombosis may occur 
despite aspirin treatment Aspirin in combination with dipyridamole has also been 
shown to reduce the incidence of acute complication during PTCA but not the' 
inddence of restenosis. 
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Two thromboxane receptor antagonists appear to be more efficacious than 
aspirin and are believed suitable for use m the sohitions and methods of the present 
invention. Ticlopidine inhibits both thromboxane and ADP-induced platdet 
aggregation. Ridogrel (R68060) is a combined thromboxane B2 synthetase inhibitor 
5 and thromboxane-prostaglandin endoperoxide receptor blocker. It has been 
compared with salicylate therapy in an open-pilot study of patients undergoing PTCA 
administered in combination with heparin, rmmiermans, C, et al., Ridogrel in the 
Setting of Percutaneous Transluminal Coronary Angioplasty, Am, J. CardioL 68, 
pp. 463-466, (1991). Treatment consisted of administering a slow intravenous 

10 mjection of 300 mg just prior to the start of the PTCA procedure and continued orally 
after 12 hrs with a dose of 300 mg/twice daily. From this study, ridogrel was found 
to be primarily successfiil since no earty acute reocchision occurred in 30 patients. 
Bleeding complications did occur in a significant number (34%) of patients, and this 
appears to be a complicating factor that would require special care. The study 

15 confirmed that ridogrel is a potent long-lasting inhibitor of thromboxane B2 
synthetase. 

2. Inhibitors ofCdlAdhesbn Molecules 

a. Seiectin Inhibitors 
Sdectin inhibitors block the mteraction of a seiectin with its cognate ligand or 
20 receptor. Representative samples of sdectin targets at which these inhibitors would 
act include, but are not limited to, E-sdectin and P-sdectin receptors. Upjohn Co. 
has licensed rights to a monodond antibody developed by Cytel Corps that inhibits 
the activity of P-sdectin. The product, CY 1748, is m predinicd dcvdopment, with a 
potentid indication bdng restenosis. 

25 b, Integrin inhibitors 

The platdet glycoprotein Ilb/QIa complex is present on the sur&ce of resting 
as wdl as activated platdets. It appears to undergo a transformation during platdet 
activation which enables it to serve as a binding site for fibrinogen and other adhesive 
proteins. Most promismg new antiplatelet agents are directed at this integrin cell 

30 sur&ce receptor which represents a final common pathway for platd^ aggregation. 

Several types of agents fit into the class of GPHb/IIIa integrin antagonists. A 
monodond antibody, c7E3, (CentoRx; Centocor, Mdvem PA) has been intensivdy 
studied to date in a 3,000 patient PTCA study. It is a chimeric human/murine hybrid. 
A 0.25 mg/kg bolus of c7E3 foBowed by 10 ng/mm intravenous infiision for 12 hrs 
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produced greater than 80% bloclcade of GPIIb/nia recqytors for the duration of the 
infiision. This was corrdated vdth a greater than 80% mhibition of platelet 
aggregation The antibody vm coadministered with heparin and an increased risk of 
bleeding was noted. Additional information was obtained from the EPIC trial vMdi 
5 showed a significant reduction in the primary end point, a composite of death rate, 
incidence of non&tal myocardial infarction and need for coronary revascularization, 
and suggested a long term benefit. Tcheng, (1995) Am. Heart J. 130, 673-679. A 
phase IV study (EPILOG) designed to address safety and eflBcacy issues with c7E3 
Fab is planned or in progress. This monoclonal antibody can also be classified as a 
10 platelet membrane glycoprotein receptor antagonist directed against the glycoprotein 
nh/ma receptor. 

The platelet glycoprotein nb/EDa receptor blocker, integrelin, is a cyclic 
heptapeptide that is highly specific for this molecular target. In contrast to the 
antibody, it has a short biologic half-life (about 10 mmutes). The safety and efficacy 

15 of integrelin was first evaluated in the Phase n Impact trial. Either 4 or 12 hour 
intravenous infiisions of 1.0 jig/kg/min of integrelin were utilized (Topol, E., 1995 
Am. J. Cardiol, 27B-33B). It was provided in combination with other agents 
(heparin, aspirin) and was shown to exhibit potent anti-platelet aggregation properties 
(>80%). A phase in study, the IMPACT II triial, of 4000 patients showed that 

20 integrelin markedly reduced ischemic events in patients who had undergone 
Rotablator atherectomy (JACC Abstracts, 1996). Suitable concentrations of the 
drugs c7E3 and integrelin for use in the present invention are set forth below. 

In addition, two peptidomimetics, MK-383 (Merck) and RO 4483 (Efoffinann- 
LaRoche), have been studied in Phase n clinicals. Since these are both small 

25 molecules, they have a short half-life and high potency. However, these seem to also 
have less specificity, interacting with other closely related integrins. It is theorized 
that these peptidomimetics may also be suitable for use in the present invention. 
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Table 22 

Therapeutic and Preferred Concentrations of 
RestenoMS Inhibitory Agents 

Therapeutic/Preferred Concoitrations More preferred 



Q\m pf Aggfit C^jffiomQlar) fflanpiiyplpr) 

Cell Adhesion Inhibitors : 

c7E3 0.5-50,000/5-5,000 500 

Integrelin 0.1-10,000/1-1000 xK^ 100 xK^ 

S 3, Anti><;hgmotftptic^gent? 



Anti-chemotactic agents prevent the chemotaxis of inflammatory cells. 
Representative examples of anti-chemotactic targets at which these agents would act 
mclude, but are not limited to, F-Met-Leu-Phe receptors, IL-8 receptors, MCP-1 
receptors, and MIP-1*I/RANIES receptors. Drugs within this dass of agents are 
10 early in the development stage, but it is theorized that they may be suitable for use in 
the present inventioa 

4. InterieukinRecq>tor Antagonists 

Interleukm receptor antagonists are agents which block the interaction of an 
interleukin with hs cognate ligand or receptor. Specific receptor antagonists for any 
IS of the numerous interleuldn receptors are early in the development process. The 
exception to this is the naturally occurring existence of a secreted form of the IL-1 
receptor, referred to as IL-1 antagonist protein (IL-lAP). This antagoiust bmds IL-1 
and has been shown to suppress the biological actions of IL-1, and is theorized to be 
suitable for the practice of the present invention. 

20 5. IhtraceUular Signaling Lihibitors 

a. Protein Kinase Inhibitors 

i. PtoteinKinaseC(PKC) Inhibitors 

Protdn kmase C (PKC) plays a crucial role in cell-sur&ce signal transduction 
for a number of physiological processes. PKC isozymes can be activated as 
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downstream targets resulting from initial activation of either &protein coupled 
receptors (e,g., serotonin, endothelin, etc.) or growth-faaor receptors such as PIXff . 
Both of these receptor classes play important roles in mediating vascular spasm and 
restenosis subsequent to coronary balloon angioplasty procedures. 
S Molecular cloning analysis has revealed that PKC exists as a large &miiy 

consisting of at least 8 subspecies (isozymes). These isozymes differ substantially m 
structure and mechanism for luiking receptor activation to changes in the proliferative 
response of specific cdls. Esqiression of spedfic isozymes is found in a wide variety 
of cell types, including: platelets, neutrophils, myeloid cells, and smooth nmsde cells. 

10 Inhibitors of PKC are therefore likely to efiEect signaling pathways in several cell types 
unless the inhibitor shows isozyme specificity. Thus, mhibitors of PKC can be 
predicted to be effective in blocking the proliferative response of smooth muscle cells 
and may also have an anti-infiammatory effect in blocking neutrophil activation and 
subsequent attachment. Several inhibitors have been described and initial reports 

15 indicate an IC50 ^0 \M for calphostin C mhibitory activity. G-^203 (also known 
as Go 6976) is a new, potent PKC inhibitor with high selectivity for certain PKC 
isotypes with IC50 values in the 2-10 \M range. Concentrations of these and another 
drug, CS? 109203X, also known as Go 6850 or bisindoybialeimide I (available fiom 
Warner-Lambert), that are bdieved to be suitable for use in the present invention are 

20 set forth below. 
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Table 23 

Therapeutic and Preferred Concentrations of 
Restenosis Inhibitory Agents 

Therq)eutic/Prrferred Concentrations More preferred 

Qass of Agent rWanomoIar) (Nanomolar) 

Protrin Kinase C Inhibitors: 

calphostinC 0.5-50,000/100-5,000 500 

GFI09203X 0.1-10,000/1-1,000 100 

G-6203 (Go 6976) 0. 1-10,000/1-1,000 100 

ii. Protein tyrosine idnase inhibitors 
5 Although there is a tremendous diversity among the numerous members of the 

receptors tyrosine-kinase (RTK) fiunily, the signaling mechanisms used by these 
recq;>tors share many conmion features. Biochemical and molecular genetic studies 
have shown that binding of the ligand to the extracellular domain of the RTK rapidly 
activates the mtrinsic tyrosine kinase catalytic activity of the intracellular domain (see 

10 FIGURE 5), The increased activity results m tyrosine-spedfic phosphorylation of a 
number of intracellular substrates which contain a common sequence motif 
Consequently, this causes activation of numerous '"downstream" signaling molecules 
and a cascade of intracellular pathways that regulate phospholipid metabolism, 
arachidonate metabolism, protein phosphorylation (involving mechanisms other than 

15 protein kinases), caldum mobilization and transcriptional activation (see FIGURE 2). 
Growth-&ctor-dependent tyrosine kinase activity of the RTK cytoplasmic domain is 
the primary mechanism for generation of intracellular signals that lead to ceUular 
proKferation. Thus, inhibitors have the potential to block this gigmiling and thereby 
prevent the proliferative response (see FIGURE 5). 

20 The platelet-derived growth factor (PDGF) receptor is of great interest as a 

target for inhibition in the cardiovascular field since it is believed to play a significant 
role both in atherosclerosis and restenosis. The release of PDGF by platelets at 
damaged surfaces of endothelium within blood vessels results in stimulation of PDGF' 
receptors on vascular smooth muscle cells. As described above, this initiates a 

25 sequence of intracellular events leading to enhanced proliferation and neointimal 
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thickening. An inhibhor of PDGF kinase activity woixld be expected to prevent 
proliferation and enhance the probability of success following cardiovascular and 
general vascular procedures. Any of several related tyrphostin compounds have 
potential as specific inhibitors of PDGF-receptor tyrosine kinase activity (IC50S in 
5 vitro in the O.S-1.0 range), since they have little effect on other protein kinases 
and^ other signal transduction systems. To date, only a few of the many tyrphosdn 
compounds are commercially available, and suitable concentrations for these agents as 
used in the present invention are set forth below. In addition, staurosporine has been 
reported to demonstrate potent inhibitory effects against several protein tyrosine 
10 kinases of the src subfamily and a suitable concentration for this agent as used in the 
present invention also is set forth below. 

Table 24 

Therapeutic and Preferred Concentration^ ftf 
Restenosis Inhibitory Aggnts 

15 

Therapeutic/Preferred Concentrations More preferred 

Class of Agent fNanomolar;> rNanomolar^ 



Protein Kinase Inhibitors 

lavendustinA 

tyrphostin 
AG1296 

tyrphostin 
AG1295 

staurosporine 



10-100,000/100-10,000 
10-100,000/100-20,000 

10-100,000/100-20,000 

1-100,000/10-10,000 



10,000 
10,000 

10,000 

1,000 



b. Modulators of Intracellular Protein Tyrosine Phosphatases, 
Non-transmembrane protein tyrosine phosphatases (PTPases) containing 
src-homology2 SH2 domains are known and nomenclature refers to them as SH-PTPl 
20 and SH-PTP2. In addition, SH-PTPl is also known as PTPIC, HCP or SHP. - 
SH-PTP2 is also known as PTPID or PTP2C. Similarly, SH-PTPl is expressed at 
high levels in hematopoietic cells of all lineages and all stages of differentiation, and 
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the SH-PTPl gene has been identified as responsible for the motheaten (me) mouse 
phenotype and this provides a basis for predicting the efi&cts of inhibitors that would 
block its mteraction with its cellular substrates. Stimulation of neutrophils with 
chemotactic peptides is known to result in the activation of tyrosine kinases that 
S mediate neutrophil responses (Cui, et aL, 1994 X. Immunol.) and PTPase activity 
modulates agonist induced activity by reversmg the efiEects of tyrosine kinases 
activated in the initial phases of cell stimulation. Agents that could stimulate PTPase 
activity could have potential therapeutic applications as anti-infiammatoiy mediators. 
These same PTPases have also been shown to modulate the activity of certain 

10 RTKs, They appear to counter-balance the effect of activated receptor kinases and 
thus may represent important drug targets. In vitro experiments show that injection 
of PTPase blocks insulin stimulated phosphorylation of tyrosyl residues on 
endogenous protems. Thus, activators of PTPase activity could serve to reverse 
activation of PDGF-receptor action in restenosis, and are bdieved to be usefiil in the 

IS solutions of the present invention. In addition, receptor-linked PTPases also ^inction 
as extracellular ligands, similar to those of cell adhesion molecules. The fimctional 
consequences of the bindmg of a ligand to the extracellular domain have not yet been 
defined but it is reasonable to assume that binding would serve to modulate 
phosphatase activity within cells (Fashena and Zinn, 1995, Current Biology, 5, 1367- 

20 1369) . Such actions could block adhesion mediated by other cell surfece adhesion 
molecules (NCAM) and provide an anti-mflammatoiy effect. No drugs have been 
developed yet for these applications. 

c. Inhibitors of SH2 D nmains fsrc Homology^ Domains), 

SH2 domains, originally identified in the src sub&mily of protein tyrosine 
25 kinases (PTKs), are noncatalytic protdn sequences and consist of about 100 anuno 
acids conserved among a variety of signal transducing protdns (Cohen, et al., 1995). 
SH2 domains function as phosphotyrosine-binding modules and thereby mediate 
critical protein-protein associations in signal transduction pathways within cells 
(Pawson, Nature, 573-580, 1995). In particular, the role of SIC domains has been 
30 clearly defined as critical for receptor tyrosine kinase (RTK) mediated signaling such 
as in the case of the platelet-derived growth factor (PDGF) receptor. 
Phosphotyrosine-containing sites on autophosphorylated RTKs serve as binding sites 
for SH2-protems and thereby mediate the activation of biochemical signaling 
pathways (see nGURE2) (Carpenter, G., FASEB J. 6:3283-3289, 1992; Sierke, S. 
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and Koland, J. Biochem. 32:10102-10108, 1993). The SIC domains are responsible 
for coupling the activated growth-factor receptors to cellular responses which include 
akerations in gene expression, and ultimately cellular proliferation (see FIGURE 5). 
Thus, inhibitors that will selectively block the eflfects of activation of specific RTKs 
S expressed on the surface of vascular smooth muscle cells are predicted to be effective 
in blocking proliferation and the restenosis process after PTCA or other vascular 
procedure. One RTK target of current interest is the PDGHF receptor. 

At least 20 cytosolic proteins have been identified that contain SH2 domains 
and fimcdon in intracellular signaling. The distribution of SH2 domains -is not 

10 restricted to a particular protein fiunily, but foimd in several classes of proteins, 
protdn kinases, lipid kinases, protem phosphatases, phospholipases, Ras-controlling 
protems and some transcription &ctors. Many of the SH2-containing protems have 
known en^matic activities yMt others (Gfb2 and Crk) fiinction as "linkers" and 
''adapters" between cell surface receptors and ^'downstream" effector molecules 

IS (Marengere, L., et al.. Nature 369:502-505, 1994). Examples of proteins contaming 
SH2 domains with enzymatic activities that are activated in signal transduction 
include, but are not limited to, the src subfamily of protein tyro^e kinases (src 
(pp60*^, abl, Ick, fyn, fgr and others), phospholipaseCy (PLCy), 
phosphatidylinositol 3-kinase (PI-3-kinase), p21-ras GTPase activating protein (GAP) 

20 and SH2 containing protein tyrosine phosphatases (SH-FTPases) (Songyang, et al.. 
Cell 72, 767-778, 1993). Due to the central role these various SH2-protdns occupy 
in transmitting signals firom activated cell sui&ce recq[)tors into a cascade of 
additional molecular mteractions that ultimately define cellular responses, mhibitors 
v^ch block specific SH2 protein binding are desirable as agents for a variety of 

25 potential therapeutic applications. 

In addition, the regulation of many immune/infiammatory responses is 
mediated through receptors that transmit signals through non-receptor tyrosine 
kinases containing SH2 domams. T-cell activation via the antigen specific T-cell 
receptor (TCR) initiates a signal transduction cascade leading to lymphokine secretion 

30 and T-cdl profiferation. One of the earliest biochemical responses following TCR 
activation is an increase in tyrosine kmase activity. In particular, neutrophil'activation 
is in part controlled through responses of the cell surface immunoglobulin G 
receptors. Activation of these receptors mediates activation of unidentified tyrosine- 
kinases which are known to possess SH2 domains. Additional evidence indicates that 

35 several src-family kinases (Ick, blk, fyn) participate in signal transduction pathways 
leading fi-om cytokine and integrin receptors and hence may serve to mtegrate stimuli 
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received from several independent receptor structures. Thus, inlubitors of specific 
SH2 domains have the potential to Mode many neutrophil functions and seive as anti- 
inflammatory mediators. 

Efforts to develop drugs targeted to SH2 domuns currendy are bdng 
S conducted at the biochemical In vitro and cellular level. Should such efforts be 
successful, it is theorized that the resulting drugs would be useful in the practice of 
the present invention. 

d. Calcinm Channel Antflgonista 

Calcium channel antagonists, previously described with relation to spasm 
10 inhibitory function, also can be used as anti-restenotic agents in the cardiovascular and 
general vascular solutions of the present invention. Activation of growth faaor 
receptors, such as PDGF, is known to result in an increase in intracellular calcdum (see 
FIGURE 2). Studies at the cellular level have ^own that actions of calcium channel 
antagonists are effective at inhibiting mitogenesis of vascular smooth muscle cdls. 

IS 6. Synergistic Interactions Derived From Thenqieutic Combinations Of Anti-Rest^ 
Agents And Other Agents Used In Caniiovascular and General Vasc^ 

Given the complexity of the disease process associated with restenosis after 
PTCA or other cardiovascular or goieral vascular therapMtic procedure and the 
multiplicity of molecular targets involved, blockade or inhibition of a single molecular 

20 target is unlikely to provide adequate e£Bcacy in preventing vasospasm and restenosis 
(see FIGURE 2). Indeed, a number of animal studies targeting different individual 
molecular receptors and or enzymes have not proven effective in animal models or 
have not yielded eflBcacy for both pathologies in clinical trials to date. (Freed, M., et 
al.. An Intensive Poly-pharmaceutical Approach to the Prevention of Restenosis: the 

25 Mevacor, Ace Inhibitor, Colchicine (BIG-MAC) Pilot Trial, J. Am. Coll. of 
Cardiol. 21, p. 33A, (1993). Serruys, P., et al., PARK: the Post Angioplasty 
Restenosis Ketanserin Trial, J. Am. Coll. of Cardiol. 21, p. 322A, (1993). Therefore, 
a ther^aitic combmation of drugs acting on distinct molecular targets and delivered 
locally appears necessary for clinical effectiveness in the therapeutic approach to 

30 vasospasm and restenosis. As described below, the rationale for this syneigistic 
molecular targeted therapy is derived from recent advances in understanding 
fimdamental biochemical mechanisms by which vascular smooth muscle cells in the 
vessel wail transmit and integrate stimuli to which they are ©q)osed during PTCA or 
other vascular interventional procedure. 
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y, "Crosstalk" and Convergence in Maior Signaling Pathways 

The molecular switches responsible for cell signaling have been traditionany 
(fivided into two major disorete signaling pathways, each conq)ridng a distinct set of 
protein families that act as transducers for a particular set of extracdiular stimuli and 

5 meeting distinct cell responses. One such pathway transduces signab from 
neurotransmitters and hormones through G-protdn coupled receptors (GPCRs) to 
produce contractile responses using intracellular targets of trimericG protdns and 
Ca^+ (see FIGURE 2). These stimuli and their respective receptors mediate smooth 
muscle contraction and may induce vasospasm in the context of PTCA or other 

10 cardiovascular or general vascular therapeutic or diagnostic procedure. Examples of 
signaling molecules involved m mediating spasm through the GPCR pathway are 
5-HT and endothelin for which antagonists have been included acting via their 
respective G-protdn coupled receptors. 

A second nuyor pathway transduces signals fiom growth fiu:tors, sudi as 

15 PDC?, through tyrosine kinases, adaptor proteins and the Ras protein into regulation 
of cell proliferation and differentiation (see FIGURES 2 and 5). This pathway may 
also be activated during PTCA or other cardiovascular or general vascular procedure 
leading to a high incidence of vascular smooth muscle cell proliferation. An example 
of a restenosis drug target is the PDCT-receptor. 

20 Signals transmitted from neurotransmitters and hormones stimulate dther of 

two classes of receptors: G-protein-coupled receptors^ composed of seven-hdix 
transmembrane re^ons, or ligand-gated ion channels. "Downstream" dgnals from 
both kmds of receptors converge on controlling the concentration of cytoplasmic 
Ca^'*' which triggers contraction m smooth muscle cells (see FIGURE 2). Each 

25 GPCR transmembrane receptor activates a specific class of trimeric G proteins, 
including Gq, Gj or many others. Gj and/or Gg|^ subunits activate phospholipase C^, 
resulting in activation of protein kinase C (PKC) and an increase in the levels of 
cytoplasmic calcium by release of calcium from intracellular stores. 

Growth factor signaling, such as mediated by PDGF, converges on regulation 

30 of cell growth. This pathway depends upon phosphorylation of tyrosine residues in 
receptor tyrosine kinases and "downstream** enzymes (phospholipase discussed 
above with regard to ^osine kinases). Activation of the PDGF<-receptor also leads to 
stimulation of PKC and elevation of intracellular calcium, common steps shared by the 
GPCRs (see FIGURE 2). It is now recognized that ligand-independent "crosstaO^ 
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can tiansactivate tyrosine kinase receptor pathways in response to stinuilation of 
(SCRs. Recent work has identified She, an adaptor protem in the tyrosine 
kinase/Ras pathway, as a key interme^aiy protein that reUys messages fitmi the 
CPCR pathway described above to the tyrosine kinase pathwj^ (see FIGURE 2) (Lev 
5 et aL, 1995, Nature 376:737). Activation of She is calcium dependent. Thus, a 
con&mation of selective inhibitors which blocks transactivation of a common 
signaling pathway leading to vascular smooth muscle cell proliferation will act 
synergistically to prevent spasm and restenosis after PICA or other cardiovascular or 
general vascular procedure. Specific examples are brie% detailed bdow. 
10 b« Synergistic InteractioiM between VKC Inhibitors and 

Calcium Channd Antagonists 

In this case synergistic interactions among PKC inhibitors and calcium channel 
antagonists in achieving vasorelaxation and inhibition of proliferation occur due to 
"crosstalk?* between GPCR and tyrosine kinase signaling pathways (see FIGURE 2). 

15 A rationale for dual use is based upon the fict that these drugs have different 
molecular mechanisms of actioa As described above, Cff CR stimdation results in 
activation of protem kinase C and an increase in the levels of (ytoplasmic caldum by 
release of calcium from intraceUular stores. Calchmiractivated PKC is a central 
control point m the transmission of extracdlular re^onses. "Crosstall^ frmn QPCR 

20 stimulated pathways through PKC can lead to mitogenesis of vascular smooth muscle 
ceUs and thus calcium channel antagonists win have the dual action of directly 
blocking spasm and further preventing activation of proliferation by inhibiting She 
aetivatioa Conversely, the PKC inhibitor acts on part of the pathway leading to 
contraction. 

^ ^ Synergistic Effects of Plcr Tnhibitow. S-TTTj Antagonists and liTT^ 

Antagonists 

The 5-HT2 receptor femily contains three members designated 5-HT2A, 
5-HT2B, and 5-HT20 all of which share the common property of being rtjupled to 
phosphotic^ositol turnover and mcreases m mtraeeUular caldum (Hoyer et aL, 
30 1988, Hattig et al., 1989). The distribution of these receptors indudes vascuto. 
smooth musde and platdets and, due to thdr localization, these S-HI receptors are 
inqjortant in mediating spasm, thrombosis and restenosis. It has been found that the 
sustained phase of intracdlubu- caldum devation m smooth muscle cells induced by 
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ET^ receptor activation requires esctracelltilar calcium and is at least partially blocked 
by nicardipine. Since activation of both S-HT2 receptors and ET^^ recqytors is 
mecfiated through calcium, the inclusion of a PKC inhibitor is expected to 
synergisticaiiy enhance the actions of antagonists to both of these receptors ^len 
S combined in a surgical solution (see FIGURES 2 and 4). 

d, Svnerfistic Effects of Protein Tyrosine Kinase Inhibitora 

and Calcium Channel Antagonists 

The mitogenic effect of PDGF (or basic fibroblast growth factor or insulln- 
Iike-growth-factor-1) is mediated through receptors that possess intrinsic protein 

10 tyrosme kinase activity. The substrates for PDGF phosphorylation are many and lead 
to activation of mitogen-activated protein kinases (NiAPK) and ultimately 
proliferation (see FIGURE S). The endothelin, 5-HT and thrombin receptors, which 
are members of the G-protein coupled super&mily, trigger a signal transducdon 
pathway which includes increases in intracellular calchim, leading to acdvation of 

15 calcium channels on the plasma membrane. Thus, calcium channel antagonists 
interfere with a common mechanism employed by these GPCRs. It has recently been 
shown that activation of certain GPCRs, including endothelin and bradykinin, leads to 
a rapid increase in tyrosine phosphorylation of a number of intracellular proteins. 
Some of the proteins phosphoiylated parallel those known necessary for mitogenic 

20 stimulation. The rapidity of the process was such that changes were detectable in 
seconds and the targets acted upon likdy play a role in mitogenesis. These tyrosine 
phosphorylation events were not blocked by a selective PKC inhibitor or apparendy 
mediated by increased intracellular calcium. Thus, since two independent pathways, 
the GPCR and tyrosine phosphorylation pathways, can drive the vascular smooth 

25 inuscle cells into a proliferative state, it is necessary to block both independent 
signaling arms. This is the basis for the synergistic interaction between calcium 
channel antagonists and tjrrosine kinase mhibitors in the surreal solution. Because 
the actions of the protein tyrosine kinase inhibitors in preventing vascular smooth 
muscle cell proliferation occur via independent molecular pathways (described above) 

30 from those involving calcium and protein kinase C, the combination of the two classes 
of drugs, caldum channel antagonists and protein tyrosine kinase inhibitors, is 
expected to be more efiScacious in inhibiting spasm and restenosis than employing 
either single dass of drug alone. 
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e. Synergis tic Effects of Protein Tyrosine Kinase Inhibitora 
and Thrombin Receptor Antagonists 

Thrombin mediates its action via the thrombin receptor, another member of 
thCvGPCR super&mily. Binding to the receptor stimulates platelet aggregation, 
S smooth musde cell contraction and mitogenesis. Signal transduction occurs through 
multiple pathwqrs: activation of phospholipse (PLC) through G proteins and 
activation of ^osine kinases. The activation of tyrosine kinase activity is also 
essential for mitogenesis of the vascular smooth musde cells. Experiments have 
shown that inhibition with a specific tyrosme kinase inhibitor was effective in blocking 

10 thrombin-induced mitosis, although there were no effects on the PLC pathway as 
monitored by measurement of intracellular calcium (Weiss andNucitdli, 1992, J. Biol. 
Chem, 267:5608-5613). Because the actions of the protein tyrosme kinase inhibitors 
in preventing vascular smooth muscle cell proliferation occur via independent 
molecular pathways (described above) firom those involving calcium and protein 

15 kinase C, the combination of protein ^osme kinase inhibitors and thrombm receptor 
antagonists is anticipated to be more efficadous in inhibitiTug platelet aggregation, 
spasm and restenosis than employing dther dass of agent alone. 

Q. Soluble Receptors 

In other aspects, the present invention rdates to the local delivery of a soluble 
20 receptor drug uring an irrigation solution containing one or more soluble receptors 
which are present at low concentration and which enable the soluble receptor(s) to be 
delivered directly to the affected tissue or joint. The sohible receptor-containing 
irrigation solution is employed perioperatively during a surgical procedure. 
Significant advantages of indusion of the soluble receptor and drugs in the irrigation 
25 solution for local delivery are: (1) the continuous and uniform maintenance of drug 
levds in a therapeutically effective range for the duration of the surgical procedure; 

(2) rapid onset of a therapeutically effective concentration at the operative site; and 

(3) preemptive inhibition of subsequent pathological processes. 

From a classical phannacological perspective, the definition of a receptor is 
30 based upon the concept that a receptor is able to selectively recognize a ligand and, 
importantly, provide a mechanism for the transduction of this recognition event into a' 
physiological response. At the cellular level, an operational definition of a receptor is 
that it must recognize a distinct ligand and transmit information firom the signal 
provided by the ligand into a form that alters the state of the cell Hence, the 
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attributes of ligand recognition and signal transduction are both used to define classes 
of receptors. The transduction process may be mediated through an integral part of 
the receptor structure or may involve receptor interactions with additional non- 
receptor proteins (e.g. G-proteins), or some combination thereof Receptor molecules 

S belonging to the Ugand-gated ion channel, G-protein coupled, receptor tyrosine 
kins^e, and cytokine super&milies are located in the plasma membrane of the ceil and 
mediate signal transduction from a ligand bound to an cTctracellular hgand-binding 
domain of the receptor to an intracellular domain. 

In contrast, soluble receptors retain the ability to selectively recognize and 

10 bind their cognate ligands, but lack the capacity for signal transduction. A number of 
endogenous soluble receptors are produced and directly secreted by cdls, or 
ahematively, are released fix)m the extraceUuiar membrane sur&ce of cells into 
extraceUular fluids. By the term ''soluble," it is intended that the receptor polypeptide 
be soluble in aqueous solutions which include, but are not limited to, detergent-flree 

IS aqueous buffers, including saline and buffered media, and body fluids such as 
extracellular fluid (ECF), blood, plasma and serum. While soluble receptors may be 
derived from membrane-bound receptors, the uncomplexed soluble receptor is not 
anchored on cell surfaces. Specifically included are truncated or soluble fonns of the 
DL-1, IL-2, IL-4, IL-6, TNF, and FGF receptors not having a cytoplasmic and 

20 transmembrane region. 

Within the context of defiiung soluble receptors as pharmacological 
antagonists, the term soluble receptor includes, but is not limited to: (1) sohible 
receptors which correspond to naturally (endogenous) produced amino add 
sequences or soluble fragments thereof consisting of an extracellular domain of a fiill- 

25 length membrane receptor, (2) recombinant soluble receptors which are truncated or 
partial amino add sequences of the full-length naturally occurring receptor 
polypeptide which retain the ability to bind cognate ligand and retain biological 
activity, and analogs thereof; and (3) chimeric soluble receptors which are 
recombinant sohible receptors comprised of truncated or partial sequences 

30 corresponcUng to a portion of the extracdlular binding domain of the full-length 
receptor amino add sequences attached through oligomers (e.g. amino acids) to an 
amino add sequence corresponding to a portion of an IgG polypeptide (e.g. IgG 
hinge tod Fc domain) ^lich retain biological activity and the ability to bind cognate 
ligand. 

35 Soluble, extraceUular ligand-binding domains of cytokine receptors occur 

naturally in body fluids and are thought to be involved in the regulation of the 
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biological activities of cytokines. The naturally occurring existence of soluble, 
tnmcated forms of a number of cytokine receptors has been reported (IL-IR, IL-4R, 
IL-6R, TNFR). For example, soluble TNFR is found at concentrations of about 
1-2 ng/ml in the senim and urine of healthy subjects. Lacking signal transduction 
5 functions, these cytokine binding proteins arise as a result of alternative spfidng of the 
mRNA for the complete receptor sequence (membrane-bound fonn) or as a rewlt of 
proteolytic cleavage and release of the membrane-bound &im of the receptor. 
Although the in vivo functions of these soluble truncated receptors are not fiilly 
established, they appear to act as physiological antagonists of their complementary 

10 endogenous cytokines. This antagonism occurs because scavenging of the free ligand 
through binding to its cognate sohible receptor reduces the eflfective free 
concentration available to the membrane-bound receptors, and actions of the 
cytokines are only produced subsequ^it to binding to cell surfece receptors. 

These soluble receptors can be viewed as natural antagonists of their cognate 

15 membrane-bound receptors by competing with cell suffice receptors for common 
pool of free ligand. Thus, the pharmacological function of sohible receptors as 
antagonists is mediated by their unique ability to alter free ligand bioavailability, rather 
than compete with an endogenous ligand for a common binding site on a membrane 
receptor. Addition of soluble receptors renders target cells less sensitive to the 

20 activity of the cognate ligands, effectively neutralizing the biological activity of the 
ligand. Experiments in which recombmant soluble receptors have been administered 
in vivo have demonstrated the capacity to inhibit inflammatory responses and act as 
antagonists. 

This invention provides for the perioperative delivery of a soluble receptor(s), 
25 as defined herein, in a physiologic carrier delivered directly to a surgical site, where 
each soluble receptor can act locally to reduce the levels of free or ^'active" 
endogenous polypeptides to preemptively inhibit inflammation, pain and restenosis. 
The inclusion of a ther^eutically effective amount of soluble receptor protein(s) in an 
irrigation fluid provides a new method of treatment for suppressmg an inflammatory 
30 response, inhibiting pain or inhibiting restenosis in a human. The invention relates as 
well to new uses for known chimeric soluble receptors as drugs or agents for the 
antagonism of proinflammatory activity of cognate ligands (cytokines such as IL-l, 
IL-6 and TNFa) or the antagonism of growth fector activity of cognate ligands - 
(growth actors such as PDGF and bFGF); particulariy for use m arthroscopic, 
35 urolo^c, and general surgical procedures to mhibit pain and inflammation, and in 
cardiovascular surgical procedures to mhibitrestenoas. Pharmaceutical compoations 
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for the local delivery of a soluble receptor(s) in a physiologic carrier are described 
below. 

Qflssificfltion and Examples of Soluble Receptors 

A, T^mo^ Necrosis Faictor (TNF) Rgggptor Family 

S IlSn?-^ is a cytokme inainly produced by activated macrophages 

biolo^cal actions including cytotoxicity, anti-viral activity, immunoregulatory 
activities, and transcriptional regulation of several genes that are mediated by spedfic 
TNF receptors. Originally, two diflFerent receptors termed TNF-Rl and TNF-R2 
were cloned and characterized. Currently, 12 different TNF-related receptors have 

iO been identified (TNFR-l, TNFR-2, TNFR-RP, CD27, CD30, CD40, NCT receptor, 
PV-T2, PV-A53R, 4-lBB, OX-40, and Fas) with which eight (tifferent TNF-related 
cytokines assodate. All of these receptors (except PV-T2 and PV-AS3R) also exist 
as naturally produced, endogenous soluble receptors. 

Receptors in this fimily are ^ngle transmembrane protdns with considerable 

IS homology in theu- extracellular domains whereas their relatively short intracellular 
domains bear very little sequence homology. The actions of TNF are produced 
subsequent to binding of the factor to cell sur£ice receptors which are present on 
virtually all cell types that have been studied. Two receptors have bem identified and 
cloned. One receptor type, termed TNFR-II (or Type A or 75IcDa) shows an 

20 apparent molecular weight of 7SkDa. This gene encodes a transmembrane protein of 
439 amino adds. The other receptor type, termed TNFR-I (or Type B or 55 KDa) 
shows an apparent molecular wdght of SS kDa and encodes a transmembrane protein 
of 426 amino adds. Both of the recqitors exhibit high afSnity for binding TNFa. 
Soluble TNF receptors (sTNFR) have been isolated and proved to arise as a resuh of 

25 shedding of the extracellular domams of the membrane-bound receptors. Two types 
of sTNFR have been identified and designated as sTTSIFRI (TNF BPI) and sTNFRII 
(TNF BPn). Both of these soluble receptor forms have been shown to represent the 
truncated forms of the two types of TNFR described above. 

TNFa plays a central role in the sequence of cellular and molecular events 

30 underlying the inflammatory response. Among the proinflammatory actions of TNF, 
it stimulates the release of other proinflammatory cytokines including IL-1, IL-6, and 
IL-8. TNFa also induces the release of matrix metalloproteinases fix>m neutrophils,' 
fibroblasts and chondrocytes. This cytokine, along with IL-1, is considered to initiate 
and produce pathological effects in the joint such as leukocyte infiltration, synovial 



wo 00/25745 



PCTAJS99/2d330 



hyperplasia, synovial cell activation, cartilage breakdown and inhibition of cartilage 
matrix synthesis. In particular, during acute inflammatory states, increased production 
of TNFa by synovial cdls occurs and increased levels of TNFa are found in the 
synovial fluid of joints. Thus, local deUvery of a sohible TNFa receptor m an 

5 irrigation sohition during a surreal procedure will bind free TNFa and fimction as an 
anb^onist of TNF receptors in tiie surrouncUng tissue, tfms providing an anti- 
inflammatory eflEbct. 

In one aspect, the present invention relates to the perioperative delivery of a 
chuneric soluble receptor (CSR) protein, in which the extracellular domain of a TNF 

10 receptor (either TNFRI or TNRII), vdiich possesses binding activity for a TNF 
molecule, is covalently linked to a dommn of an IgG molecule. In particular, and by 
way of first example, a chimeric polypeptide (recombinant chimera) comprising the 
extracellular domain of tiie TNF receptor extracellular potypeptide coupled to the 
CH2 and CH3 regions of a mouse IgGl heavy diam polypeptide, as disclosed in U.S. 

15 Patrat No. 5,447,851, could be used for the present purpose. The dnmeric TNF 
soluble receptor (also termed the **chimeric TNF inhibitor in U.S. Patent No. 
5,447,851) has been shown to bind TNFa with high aflBnity and has been 
demonstrated to be highly active as an inhibitor of TNFa biological activity. In 
addition, a second example is a chuneric fusion construct comprised of the ligand- 

20 binding domain of a TNF receptor with portions of the Fc antibody (also termed Fc 
fusion soluble receptors) which have been created for TNFa receptors. In another 
embodiment, the present invention mvolves perioperative delivery of a sohible TNF 
receptor: Fc fusion protdn, or modified fiirms thereof as disclosed in U.S. Patent 
No. 5,605,690. The molecular form of the active soluble rec^tor can be dWier 

25 monomeric or dimeric. Existmg studies establish that such a soluble TNF receptor: 
Fc fiision protdn (Eribrd) retams high bmdmg affinity for TNFa and biological 
activity for TNFoL 

R Tfiterimkin-1 HOL-n Cytokine Receotor Famfly 

IL-la and IL-10 are polypeptides that have a number of biological fimctions 
30 that include immunoregulatory, promflammatory, and hematopoietic actrvrties. A 
number of iit vitro and in vivo e?q>mmentai studies indicate that the ability to prevent 
the bmding of IL-1 to its cell surfiice receptors will prevent IL-1 induced 
inflammatory and cartilage destructive eflFects within the joint. These actions are 
mediated by one of two JL-l receptors (IL-IR), type I IL-1 (IL-lRl) or type II IL-1 
35 0^-1 BS£) receptors. The IL-1 receptors are structurally distinct and belong to a 
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separate superfanuly characterized by the presence of immunoglobulin-binding 
domains. The larger human type I lL-1 receptor (80 kD) is present on numerous ceU 
types, while the smafler human type H IL-1 receptor (60-68 kD) exhibits a more 
restricted distribution which indudes B cells, T-cells, monocytes, and neutrophils. 
Structurally, the human IL-l Rl is a transmembrane glycoprotein with a substantial 
latraceBular domain composed of 213 amino adds (^20kD). The E-1 WI 
receptor binds E^ip with Hgh aflSnity (about 2 nM). but IL-lp binding does not 
initiate IL-1 receptor associated intraceUular signal transduction as it does upon 
binding to the type I IL-1 receptor. Soluble receptor fonns of both IL-1 Rl and BL-l 
Rn have been reported. The soluble form of IL-1 Rl is a 60 kD protein. The type 
n receptor serves as a precursor for a soluble IL-1 binding fector which is produced 
by proteolytic cleavage to yield two sizes of soluble receptors (47 kD and 57 kD). 

A different type of naturally occurring, secreted sohible IL-l receptor 
antagonist, altcmativdy referred to as the IL-1 antagonist protein (IL-lAP or IRAP) 
15 or tte IL-1 receptor antagonist Cn^lRA or IL-lRaX is expressed in synovia 

Unds to both ceU sui&ce IL-l receptors, but does not induce any response and 
interacts with soluble lL-1 receptors. It is a product of several ceU types found within 
the joint, including synoviocytes and chondrocytes, as weU as monocytes, 
macrophages and fibroblasts. This protein exists as two structural variant forms, 
20 characterized as a 17 kD secretory protein (sIL-lRa) and an 18 kD ferm that remains 
in the cytoplasm. As a spedfic competitive inhibitor of IL-1, IL-lRa binds to the type 
I IL-1 receptor with high affinity, it does not activate the cefluUir signal transduction 
machinery activated by membrane associated IL-1 receptors, Sohible IL-1 Rl also 
binds the IL-1 Ra with very high affinity (Kd=70 pM). The sohible type H receptor 
25 exhibits different binding characteristic than the membrane form of the receptors, 
exhibitmg over 2000-fold lower affinity for IL-lRa. This results in IL-Ra having 
greater abiUty to antagonize IL-1 actions. The IL-lRa has been shown to play a 
physiological role in suppressing the biological actions of IL-1. Secreted IL-Ra is 
rdeased in vivo during e3q)erimentaUy induced inflammation and as part of the natural 

30 course of many diseases. 

In one aspect, the present invention rdates to the perioperative ddiveiy of an 
IL-1 sohible receptor protdn, which is comprised of an extracdhihir domain of anlL- 
IR (dtiier type I or II), and which is capable of binding an IL-1 cytokine molecule in 
an irrigation sohition. In particular, and by way of example, a soluble human IL-1 

35 receptor (shuIL-lR) polypeptide comprising essentially the amino add sequence 
1-312 as disdosed within U.S. Patent No. 5,319,071 and U.S. Patent No. 5,726,148 
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may be used in the present irrigation solutions. Alternatively, a fusion protein 
consisting of the sIL-lR binding domain polypeptide, as disclosed in U.S. Patent No. 
S,3 19,071 may be used in the invention. In addition, an IL-1 receptor antagonist as 
disclosed within U.S. Patent No. 5,817,306 can be employed for the present purpose. 

5 The shuQ^lR sohible receptor has been shown to bind IL-1 with nanomolar afBnity. 
Lo<^ delivery of an IL-IR soluble receptor, such as shuIL-lR, in an iirigation 
sohition at a therapeutically effective concentration during an arthroscopic procedure 
may be used as a cartilage protective agent when implied locally to tissues of the joint 
in a variety of inflammatory or pathopfaysiolo^cal conditions. Such treatment will 

0 preemptively inhibit IL-1 stimulation of production of coUagenase-I and 
stromelysin-l. Employing a wholly different method for local production of type 1 
soluble receptors for IL-1 and/or TNFa based on gene delivery, it has been found that 
the presence of soluble receptors for these cytokines are able to confer protection to 
the rabbit knee joint during the acute inflammatory phase of a.i.a. 

5 C. Class I Cytokine Receptor Family 

The large hematopoietic cytokine receptor superfemiiy consists of EPO, IL-2, 
IL-3, IL-4, DL-S, IL-6, IL-7, IL.9, IL-11, IL-12, IL-13, IL-15, Epo, PRL, GH, G- 
CSF, and CM-CSF, UF, CNTF, and thrombopoietin receptors. In general, these 
receptors mediate hematopoietic cytokine-induced growth and differentiation of 
0 hematopoietic cells, but also exhibit a vdde range of biological effects on various 
tissues and cells. 

The receptor binding subunits for Class I cytokine receptors have been 
characterized at the molecular level and comparison of amino add sequences has 
revealed several shared structural features or regions of sequence homology. Class I 

5 cytokine receptors are characterized by the presence of one or two copies of a 
conserved domain of about 200 amino adds, which contain two modules of FN-IH- 
like motifs located in the extracellular portion of the receptor. A second region is 
characterized by a cons^ved cysteine motif (four conserved cysteines and one 
tryptophan residue) in the N-terminal half of this homology re^on. Also contained in 

0 this homology region is a common Trp-Ser-X-Trp-Ser sequence (where X is a 
nonconserved amino add) at the C-termitud end. There are also regions of shared 
amino add sequence homology in the intracellular domains of hmatopoietic 
receptors that are referred to as homology boxes 1 and 2. 

The Class I cytokine receptor &mily has been subdivided into four receptor 

S sub&nulies based on common mechanisms of signal transduction resulting from 
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cytokine binding to the receptor binding subunit. The £P0, G-CSF, FRL and GH 
receptors comprise the GH receptor subfamily in which cytokine binding to a single 
receptor-binding subunit promotes the formation of a fiinctional high afiSnity receptor 
dimer on the phisma membrane. The other three sub&milies of hematopoietic 
S receptors do not form dimers upon cytokine binding. Agonist bincting to structurally 
unique cytokine-binding subunits for each of the members in these families of 
hematopoietic cytokine receptors results in the formation of a high-affinity complex 
with a shared signal transducing subunit. 

Among the members of the Class I cytokine receptor family, soluble receptors 
10 for IL-2, IL-4, IL-6, and GM-CSF ligands are suitable for inclusion in an irrigation 
solution for perioperative delivery in arthroscopic, urologic and general surgical 
applications of the current invention. The use of soluble receptors for IL-6 and GM- 
CSF ligands is preferred in arthroscopic surgical procedures. 

1. Soluble I L-2 Receptor and Receptor: IL-2R Subfamily 

15 Withm the IL-2 receptor (IL-2R) subfamily, the structurally unique binding 

subunits for IL-2, IL-4, IL-7, IL-9, IL-I3 and IL-15 receptors all form high-aflBnity 
fimctionat complexes with a common signal transduction protein referred to as the IL- 
2K subunit. The IL-2 receptor, unlike other receptors in this IL-2K fiuiuly, also 
associates with a third transmembrane protein subunit, IL-2RP (75 IdD). In tins cas^ 

20 the high affinity IL-2 receptor exists as a heterotrimeric complex. A soluble form of 
the IL-2Ra receptor appears in serum, concomitant with its increased expression on 
cells and there are reports of a soluble form of the IL-2Rp. Thus^ in one aspect, the 
present invention relates to the perioperative delivery of a human IL-2RP soluble 
receptor (shIL-2R) protein, in which the extracellular domain of a cytokine receptor 

25 possesses bindmg activity for the IL-2 cytokine molecule. In particular, and by way 
of example, the human IL-2RP soluble receptor (shIL-2R) protdn is disclosed within 
U.S. Patent No. 5,449,756. 

The ligand binding subunit of the human IL-4R present on tiie cdl sur&ce 
receptor is a 140 kDa transmembrane glycoprotem containing 800 amino adds: a 207 

30 residue extracellular domain; a 24 residue transmembrane domain; and a 569 residue 
intracellular domain. In addition to the fiiU-length receptor, an alteniatively spliced 
IL-4R transcript that encodes a secreted fonn of the IL-4R lacking the transmembrane 
and cytoplasmic domains has been isolated from mouse cells. A naturally occurring 
soluble form of the IL-4R has been identified in mouse biological fluids and murine 
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cell culture supematants, as well as human serum. In soludon, soluble IL-4R can 
fonn 1:1:1 complexes with IL-4 and the IL-2K subunh. 

2. Soluble IL-6 Receptor: IL-6 Cytokine Receptor Subfamily 

The IL-6 receptor subfamily of Class I cytokine receptors includes the IL-6, 
5 IL-ll, CNTF, OSM, and LIF receptors. These all form a high-aflfinity functional 
receptor complex upon interaction with a cytokine-occupied binding subunh with a 
common signal transduction protdn called gpl30. In the case of the IL-6 receptor, 
IL-6 binding to its binding subunit leads to association with a homoduner of gpl30 
instead of a single gpl30 monomer. Recently, a human IL-12 binding receptor 
10 component has been cloned and found to be highly related m primary structure to 
gpl30. 

There exist naturally occurring soluble forms of the IL'6R which bind IL-6 
with high afiSnity. Soluble forms have also been identified in human senmi as well as 
in the conditioned medium of various cells, including human peripheral mononuclear 
15 cells and T-cell lines. Elevated serum soluble IL-6R levels have been shown to be 
associated with a number of pathological states, including significant increases in 
patients undergoing minor elective operations during the first postoperative week. 
Both soluble IL-6R and the sohibie gpl30 are present in nanogram quantities in the 
serum of normal individuals. Although the exact mechamsm generadng aIL-6R is not 
20 understood, h has been demonstrated that a naturally occurring alternate form of IL- 
6R mRNA exists and appears to be generated as a result of alternative splicing of 
rnRNA, which encodes a soluble form of IL-6R lacking the transmembrane domain. 

The various activities of IL-6 indicate it has a major role in the mediation of 
the inflammatory response initiated by injury. IL-6 can be considered a critical 
25 proinflammatory cytokine, which is itself upregulated in response to TNFa and IL-1 
la a variety of disease states and conditions. One of the major intraarticular cytokines 
that has been studied in the context of joint mflammation is IL- 6. In a study of 
comparing changes in IL-6 levels in synovial fluid after anterior cruciate ligament 
rupture in the knee, IL-6 increased about 1,500-fold in the acute injured knee. Thus, 
30 iL-6 is a target for the pharmacologic control of inflammation. The present invention 
includes the perioperative delivery of a sIL-6R in an irrigation solution during an 
arthroscopic procedure in order to inhibit inflammation. The inhibition of the 
proinflammatory activity of IL-6 by the IL-6 soluble receptor is of benefit in 
controlling or redudng inflammation in the joint. 
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D. Receptor Tyrosine IGnaaM 

A wide variety of poiypepttde growth &ctor recq)tois that possess intrinsic 
tyrosine kinase activity hove now been characterized for which sofaible lecepton are 
disclosed for purposes of this patent This invention inchides the perioperative 
5 ddiyery of extracellular portions of receptor tyrosine kinase receptors and chimeric 
soluble tyrosine kinase receptors in a suitable irrigation fluid. Activated recqjtor 
tyrosine kinases (RTKs) undergo dimerization and initiate signaling through tyrosine- 
spedfic phosphoiylation of diverse intermediates, activating a cascade of intracellular 
pathw^ that regulate phospholipid and arachidonate metabolism, oddum 

10 mobilization, protdn phosphorjdation (involving other proton kinases), and 
transcriptional regulation. The growth-&ctor-dependent tyrosine kinase activity of 
the RTK (Ttoplasmic domain is the primary medianism for generation of intraceUuhr 
signals that initiate multipie ceUular responses. 

Many of the RTK subfamilies are recognizable on the basis of architectural 

15 similarities in the catalytic domain as well as distinctive motl& in the 

ligand-binding regions. The extracellular domain of the RTKs typicalty contains 
discrete structural units that are derived from a limited group of biochemical domains. 
These domains include: cysteine rich regions, immunoglobulin-like loops (I^), or 
fibronectin type m (FN-m) domains. Based upon these structural considerations, a 

20 nomendature deOning several subfemilies of RTKs has been proposed. The dght 
receptor &miHes referred to on the basis of thdr prototypic members include: EGF- 
receptor, insulin receptor, PDGF-receptor, the fibroblast growth fiu«or receptor 
(FOR), Neurotrophin (Trk) receptor, Hepatocyte Growth fictor (HOT) receptor. 
Vascular Endothelial Growth Factor (VEGF) receptor and J^h receptora. Memben 

25 of a given subfemily share common structural features that are distinct from those 
found in other subfamilies. 

A common structural feature shared by a group of three subfamilies, the EGF 
(EGFR, ErbB2, ErbB3, Eri)B4), insulin and Eph (Eph, Elk, Eck, Cck5, Sek, Eck, and 
Erk) receptors, is the presence of cysteine-rich regions in the extracellular domain. 

30 The ^h receptor extraceUular region is characterized by a single cysteine-rich box 
which is related to the two tandem cysteine-ridi boxes found in members of the EOT 
receptor sub&mify. Also containii^ a single cystdne-rich region, the insulin recqjtor 
is the prototypic receptor for a subfemily whose distmctive structural feature is its' 
oiganizatbn as a heterotetrameric species of two a and two P subunits. The 
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extracellular Ugand-binding subunit, a, is disulfide-linked to the transmembrane P 
subunit, vMdtL contains the tyrosine kinase domain. 

A second naqor structural category is represented by a group of three 
subfimiUes, fibroblast-growth &ctor receptors (FGFR), platelet-derived growth fector 
5 receptors (PDGFR) and FUIA^GF receptors, which are characterized by 
extraceUular domains consisting of three, five, or seven IgJ.s. Cytophismic regions of 
these receptors contain a tyrosine kinase domain that is interrupted by a "kinase 
insert." Receptors containing five IgLs include two PDCff receptors (a and p), the 
macrophage colony stimulating fkctor-1 receptor (CSF-IR), the o-kit protein (a 
10 receptor for the steel Ugand) and the product of the FLT3/ELK2 gene. TheFGF 
receptors, which have three IgLs, constitute a separate subfemily. Currently, there are 
at least seven FGFR members tiiat mediate a diverse array of biological responses, 
induding tiie capacity to induce angiogenesis (FCTR-1, FGFR-2, FCTR-3 and FGER- 
4). In addition, a group of RTKs with seven extracellular IgLs has been proposed to 
15 represent a separate VEGF receptor subfamily. Its known members, ELTl, FLKl 
and FLT4, show a similarity of structure and expression. Several lines of ewdence 
suggest that this subfemily of growth factor receptors play an important role in the 
growth and differentiation of endothelial cells. 

One group of receptors that does not fall into either of the above cat^ories is 
20 tiie Trk subfemily. Rec«it work on the Trk subfemity has established tiiat tiiese 
molecules constitute agnal-transdudr^ receptors for a femily of stractiiralty and 
fonctionally rdated neurotrophic fectors, collectively known as tiie neurotropMns. 
This receptor subfemfly (Trk, TrkB, TrkC) contains neitiier cysteine-rich regions nor 
IgLs in the extracellular domain. Instead, cysteines are found throughout the WmUng 
25 domun and are also chistered near the N-terrainus. 

Although there is a tremendous iversity among tiie numerous members of the 
RTK femily, the signaling mechanisms used by these receptors share many common 
features. Biochemical and molecular genetic studies have shown tiiat binding of the 
ligand to tiie extracellular domain of the RTK rapidly activates tiie intrinsic tyrosine 
30 kinase catalytic activity of the intracellular dommn which is essential for agnal 
transductioa 

For example, recombinant diimeric sduble receptora derived fiom Axl, Slqr, 
Mer and c-Met (receptor for h^atocyte growth fector) and composed of the 
extracellular ligand-bmding domain of these receptora fased to the Fc region of the 
3 5 human immunoglobulin domain IgGl heavy chain have been created (Nagata, et al., J. 
Biol Chem., 271:30022-27, 1996). Naturally occurring counterparts for tiiese 



wo 00/25745 



-67- 



PCr/US99/2d330 



chimeric receptors are not known to exist. These tyrosine kinase receptor-Fc fusion 
(RTK-Fc) proteins were expressed in COS-7 cells and subsequently purified firom the 
conditioned media by conventional protein A-Sepharose chromatography. Anal^as 
showed these RTK-Fc fiision proteins were expressed as disulfide*linked dimers as 
5 has been found previously for other IgG fiision proteins. Binding analysis of the 
imniobilized RTK-Fc fiision protein showed that the kinetics of specific protein 
ligands could be quantitatively detennined for Axl-Fc, Sky-Fc, and Mer-Fc soluble 
receptors. This study confirmed that such chimeric soluble receptors retain binding 
afiSnity for endogenous protein ligands that activate the fiiU-length endogenous forms 
10 of these receptors. Thus, in one aspect, the present invention is directed to the local 
delivery of such RTK-Fc fiision proteins (or modified forms thereof) in an irrigation 
solution as therapeutic agents to reduce the "active'' form or concentration of their 
req[>ective cognate biological ligand. 

1. Fibroblast Growth Factor Receptor fFGFR'^ Family 

15 The FGFRs are expressed on a wide variety of cell types and these receptors 

are involved in several physiologic processes includmg angiogenesis, wound healing, 
and tumorigenesis. The FGFR &miiy includes four transmembrane tyrosine kinase 
receptors which transmit an intracellular signal upon bincfing FGF. A fimiily of nine 
structurally related ligands (polypeptide growth &ctors) have been identified which 

20 bind to these FGF receptors with high afiBnity and elicit mitogenic responses in FGF- 
sensitive cells. An alternative RNA processing event leads to three isofonns of Ig-like 
domain m (referred to as LA., mb, and nic). The FGFR3 gene can potentially 
encode a soluble receptor (Ula form) (Chellaiaih, A., McCain, D., Werner, S., Xii, J., 
and Omith., D., J. Biol Chem, 11620-11627, 1994). The present invention includes 

25 the perioperative delivery of a naturally occurring soluble form of fibroblast growth 
factor receptor (FGFR) during a vascular procedure in order to preemptively inhibit 
restenosis. 

Chuneric soluble fiision protdns producing a secreted FGFR3-bmding protdn 
fiised to alkaline phosphates were created firom the extracellular domain of the FGFR3 

30 receptors. These included FGFRl nic, F^rRZ mb, FCSFR3 mb. The sohible FGF 
receptors produced were used for quantitative binding studies and it was found that 
such chimeric soluble receptors retain binding affinity and ligand selectivity for 
specific FGF protein ligands that activate the fiiU-length endogenous forms of these 
receptors. Thus, soluble receptors have been found to bind their cognate ligands in a 

35 maimer such that they can be employed as therapeutic agents in pathological 
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conditions in which it would be desirable to reduce the active concentration of growth 
&ctor ligands. 

From the molecular and cdlular mechanisms of action defined for soluble 
receptors, such as the chimeric rhTNFR:Fc soluble receptors, these soksble receptors 
5 are expected to exhibit anti-inflammatory action when applied continuously in an 
irrigation solution directly to a tissue or a joint intraoperadvdy. Ixk particular, sohible 
receptors are expected to function as effective drugs delivered continuously by an 
irrigation solution during an arthroscopic, urolo^c, general surgical or cardiovascular 
procedure. The soluble receptor may be delivered alone, or in combination with other 

10 small molecule drugs, peptides, proteins, recombinant chimeric proteins, antibodies, 
or gene therapy vectors (viral and nonviral) to the spaces of the joint, luogenital tract, 
or any cavity of the body. For example, the effects of TNFa will be antagonized by a 
soluble TNFa receptor which binds the ligand and therd)y prevents it from binding to 
cellular receptors which are present on any cells associated with the fluid spaces of the 

15 joint and structures compridng the joint. Such cells include those involved in the 
noimal function of the jomt, and in addition, cell types present due to an inflammatory 
or pathological condition, including but not limited to: synovial cells (fibroblast and 
macrophage); chondrocytes; cells associated with bone, including periosteal ceQs, 
osteoblasts, osteoclasts; and inflammatory cells including lymphocytes, mast cells, 

20 monocytes and eosinophils. 

The formulation for delivery of soluble receptors may include, but is not 
limited to, administration using microparticles, microspheres or nanoparticles 
(nanospheres), gels and slow release matrices composed of synthetic organic or 
inorganic compounds, carbohydrates, lipids or proteins. Examples of formulation 

25 molecules include, but are not limited to, iqrdrophilic polymers such as poly (D,L 
lactic add-coglycolic acid) polym^s, chitosan, heparin, lipids citable of forming 
ordered &pid structures such as imilamellar and multilamellar liposomes (anionic,, 
cationic and zwitterionic), polycations (e.g. protamine, spermidine, polylysine), 
albumin, peptide or synthetic ligands and antibocfies capable of targeting materials to 

30 :q)edfic cell types. 

Other conventional methods used for delivery of soluble receptors have 
required systemic administration (e.g., intramuscular, intravenous, subcutaneous 
injections) which necessitate higher concentrations of drugs (and higher total dose) to- 
be administered in order to achieve equivalent therapeutic concentrations that can be 

3 5 deUvered locally to the targeted tissue or joint. Systemic administration also results in 
high concentrations in tissues other than the targeted tissue which is undesirable and. 
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depending on the dose, may result in adverse side effects. These systemic methods 
subject the soluble receptor polypeptides to second pass metabolism and more rapid 
degradation, thereby limiting the duration of the effective therapeutic concentratioa 
Since the soluble receptor is administered through local delivery directly to the desired 
S tissue, this allows &r the delivery of the soluble receptor(s) using a therapeutically 
effective lower concentration and a therapeutically effective lower total dose. 

The use of soluble receptors delivered intravasculariy is also e>q>ected to have 
applications in the cardiovascular field, including but not limited to, use m the 
treatment of restenosis. Restenosis may be defined as the post-injuiy necnntimai 

10 hyperplasia seen in arteries following various intravascular procedures. A number of 
molecular mediators that contribute to the pathologic basis of restenosis have been 
identified. In injured vessels, release of mitogens from injured platelets and also fi'om 
the vessel wall initiates signallmg pathways that transmit signals fiom growth factors^ 
such as EGF, PDGSF, bFGF and others, to stimulate smooth nmsde ceUular 

15 proliferation. Migration is also controlled by a group of growth fectors, inchidmg 
PDGF, transforming growth factor (TGF-P), FGF (fibroblast growth fictor), and 
basic fibroblast growth factor (bFGF). 

PDGF and bFGF have been identified as important regulators in the process of 
neointimal formation. In addition to the above growth factors, insulin-like growth 

20 &ctor and transforming growth &ctor-b have also been identified as growth factors 
which act through thdr respective tyrosine Idnase receptors and are implicated ui the 
pathophysiology of restenosis. Use of a soluble PDGF-, sohible FCS^-, or soluble 
bFGF receptor is expected to block the proliferative response mduced by any one or 
combination of the above growth factor-activated receptors and thereby inhibit intimal 

2S I^erplasia. The targeted blockade of some of these individual (dngle) growth 
fictors has proved efficacious in animal models. Thus, the use of sohible receptors 
cbrresponding to the extracellular ligand binding domain capable of binding cither 
PDGF, FGF and bFGF, delivered locally in an irrigation solution, are disclosed herdn 
as thonpeutic agents with anti-restenotic activity. 

30 Soluble receptors are suitable for use in the arthroscopic, urologic, and general 

surgical applications of the current invention, delivered either as a single agent or in 
combination with other anti-pain and/or anti-inflammatory agents or in combination 
with oth^ soluble receptors, to inhibit pain and inflammation. Soluble receptors are 
also suitable in the cardiovascular surgical solution of the current invention, delivered 

3S dther as a single agent or in combination with other anti-pain, anti-inflammatory, anti- 
spasm, and/or anti-restenotic agents, to inhibit restenosis. For example, a soluble 
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receptor could be included in Example Vn. Representative agents and dosages are 
listed in the table bdow. 

Soluble Receptors 



SoiuDie Keceptor 


Therq}eutic Preferred 
^yOnccuuaiions ^luvij 


Most Preferred 


«TNFR 


0.1-1000 


1-200 


chimeric rhTNFRrFc 


0.1-1000 


1-200 


Human type I IL-IR 


0.1-1000 


1-200 


Human type n IL-IR 


0.1-1000 


1-200 


Shuman IL-IR fiision 
protein with 
DYKDDDDKonN- 
terminus 


0.1-1000 


1-200 


SIL-6R 


0.1-1000 


1-200 


bFGF receptor 


0.1-1000 


1-200 


PDGF 


0.1-1000 


1-200 


sFGFR 


0.1-1000 


1-200 



VL Method of ApDiication 



S The solution of the present invention has applications for a variety of 

operative^terventional procedures, including surgical, diagnostic and thmpeutic 
techniques. The irrigation solution is perioperativdy applied during arthroscopic 
surgery of anatomic joints, urological procedures, cardiovascular and general vascular 
diagnostic and then^wtic procedures and for general surgery. As used herdn, the 

10 tcsnn "perioperative" encompasses application intraprocedurally, pre- and 
intraprocedurally, intra- and postprocedurally, and pre-, intra- and postprocedurally. 
Preferably the solution is implied preprocedurally and/or postprocedurally as well as 
intraprocedurally. Such procedures conventionally utilize physiolopc irrigation fluids, 
such as normal saline or lactated Ringer's, applied to the surgical site by techniques 

IS well known to those of ordinary skill in the ait. The method of the present invention 
invohres substituting the anti-pain/anti-inflammatoiy/anti-spasm/anti-resteno^' 
irrigation solutions of the presoxt invention for conventionally applied urigation fluids. 
The irrigation solution is applied to the wound or surgical site prior to the initiation of 
the procedure, preferably before tissue trauma, and contiimously throughout the 
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duration of the procedure, to preemptive^ block pain and inflanmiation, spasm and 
restenosis. As used herein throughout, the term "iirigation'* is intended to mean the 
flushing of a wound or anatomic structure with a stream of Kquid. The torn 
"application" is intended to encompass irrigation and other methods of locally 
5 introducing the solution of the present invention, such as introducing a gellable 
version of the solution to the operative site, with the gelled solution then remaining at 
the site throughout the procedure. As used herein throughout, the term 
"continuously'' is uitended to also inchide situations in which there is repeated and 
frequent irrigation of wounds at a frequency suffidoit to maintain a predeteanined 
10 ther^)eutic local concentration of the applied agents, and qiplications in whidi there 
may be intermittent cessation of irrigation fluid flow necessitated by operating 
technique. 

The concentrations listed for each of the agems within the solutions of the 
present invention are the concentrations of the agents delivered locally, in the absence 

15 of metabolic transformation, to the operative ate in order to achieve a predetermined 
level of effect at the operative site. It is understood that the drug concentrations in a 
^ven sohition may need to be adjusted to account for local dilution upon delivery. 
For example, in the cardiovascular application, if one assumes an average human 
coronary artery blood flow rate of 80 cc per minute and an average ddiveiy rate fi)r 

20 the solution of 5 cc per minute via a local ddiveiy catheter (i.c„ a blood 
flow-to-solution deUvery ratio of 16 to 1), one would require that the drug 
concMitrations within the solution be increased 16-fold over the desired in vivo drug 
concentrations. Solution concentrations are not adjusted to account for metabolic 
transformations or dUution by total body distribution because these circumstances are 

25 avoided by local delivery, as opposed to oral, intravenous, subcutaneous or 
intramuscular application. 

Arthroscopic techniques for which the present solution may be employed 
indude, by way of non-limiting example, partial meniscectomies and Ugament 
reconstructions in tiie knee, shoulder acromioplasties, rotator cuflf debridements, 

30 dbow synovectomies, and wrist and anWe arthroscopies. The irrigation sohition is 
continuously supplied intraoperativdy to tiie joint at a flow rate suffident to distend 
tile joint capsule, to remove operative debris, and to enabh: unobstructed intra- 
atticulifir visualization. 

A suitable irrigation solution for control of pain and edema during such 

35 artiiroscopic techniques is provided in Example I herein bdow. For arthroscopy, it is 
preferred that the solution include a combination, and preferably all, or any of the 
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following: a serotonm2 receptor antagonist, a serotonins receptor antagonist, a 
histamine^ receptor antagomst, a serotonin receptor agonist acting on the lA, IB, ID, 
IF and/or IE receptors, a bradykininx receptor antagonist, a bradykinin2 receptor 
antagonist, and a cyclooxygenase inhibitor 

5 This solution utilizes extremely low doses of these pain and inflammation 

inhifeitors, due to the local application of the agents directly to the operative site 
during the procedure. For example, less than O.OS mg of amitriptyline (a suitable 
serotonin2 and histamine^ '*dual" receptor antagonist) are needed per liter of irrigation 
fluid to provide the desired effective local tissue concentrations that wouldrinhibit 

10 S-HT2 and H| receptors. This dosage is extremely low rdative to the 10-25 mg of 
oral amitriptyline that is the usual starting dose for this drug. This same rationale 
applies to the anti-spasm and anti-restenosis agents which are utilized in the sohition 
of the present invention to reduce spasm associated with urologic, cardiovascular and 
general vascular procedures and to inhibit restenosis associated with cardiovascular 

IS and general vascular procedures. For example, less than 0.2 mg of nisoldipine (a 
suitable calcium channel antagonist) is required per liter of irrigation fluid to provide 
the desired effective local tissue concentrations that would inhibit the 
voltage-dependent gating of the L-subtype of calcium channels. This dose is 
extremely low compared to the single oral dose of nisoldipine which is 20 to 40 mg. 

20 In each of the surreal solutions of the present invention, the agents arc 

included in low concentrations and are ddivered locally m low doses relative to 
concentrations and doses required with conventional methods of drug administration 
to achieve the deared theraputic effect. It is impossible to obtain an equivalent 
therapeutic effect by delivering similariy dosed agents via other (i.e., mtravenous, 

25 subcutaneous, intramuscular or oral) routes of drug administration since drugs given 
systemically are subject to first- and second-pass metabolism. 

For example, using a rat model of arthroscopy, the inventors examined the 
ability of amitriptyline, a 5-HT2 antagonist, to inhibit 5-HT-induced plasma 
^ravasation in the rat knee in accordance with the present invention. This study, 

30 described more My below in Example XII, compared the therapeutic dosing of 
amitripQdine delivered locally (ut., intra-articulariy) at the knee and intravenously. 
The results demonstrated that intra-articular administration of amitrip^ine required 
total dosing levels approximately 200-fold less than were required via the intravenous 
route to obtain the same therapeutic effect. Given that only a small fraction of the 

35 drug delivered intra^aiticulariy is absorbed by the local synovial tissue, the difference 
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in plasma drug levels between the two routes of administration is much greats* than 
the difference in total amitriptyline dosing levels. 

Practice of the present invention should be distinguished from conventional 
intra-articular injections of opiates and/or local anesthetics at the completion of 
5 arthroscopic or "open" joint (e.g., knee, shoulder, etc,) procedures, the solution of 
the 'present invention is used for continuous infiision throughout the surgical 
procedure to provide preeni^tive inhibition of pain and inflammation. In contrast, the 
high concentrations necessary to achieve therapeutic eflficacy with a constant infiision 
of local anesthetics, such as lidocaine (0.5-2% sohitions). would result in profound 
10 systemic toxicity. 

Upon completion of the procedure of the present invention, it may be desirable 
to inject or otherwise apply a higher concentration of the same pain and mflammation 
inhibitors as used in the irrigation solution at the operative site, as an alternative or 
supplement to opiates. 

15 The solution of the present invention also has application in cardiovascular and 

general vascular diagnostic and therapeutic procedures to potentially decrease vessel 
wall spasm, platelet aggregation, vascular smooth muscle cell proliferation and 
nodceptor activation produced by vessel manipulation. Reference herein to arterial 
treatment is intended to encompass the treatment of venous grafts harvested and 

20 placed in the arterial system. . A suitable solution for such techniques is disclosed in 
Example n herein below. The cardiovascular and gmeral vascular solution preferably 
includes any combination, and preferably all, of the following: a 5-Hr2 receptor 
antagonist (Saxena, P. R., et al.. Cardiovascular Effects of Serotonin Inhibitory 
Agonists and Antagonists, J Cardiovasc Pharmacol 15 (Suppl. 7), pp. S17-S34 

25 (1990); Douglas, 1985); a 5-Hr3 receptor antagonist to block activation of these 
receptors on sympathetic neurons and C-fiber nociceptive neurons in the vessel walls, 
which has been shown to produce brady- and tachycardia (Saxena et. al. 1990); a 
bradykininj receptor antagonist; and a cyclooxygenase inhibitor to prevent production 
of prostaglandins at tissue injury sites and tiiereby decreasing pain and inflammation. 

30 In adcfition, the cardiovascular and general vascular solution also preferably will 
contain a serotoninig (also known as serotoniniDp) antagonist because sertitonin has 
been shown to produce significant vascular spasm via activation of the serotoniniB 
receptors in humans. Kaumann, A.J., et al., Variable Participation of S-HTl-Like - 
Receptors and 5-HT2 Receptors in Serotonin-Induced Contraction of Human 

35 Isolated Coronary Arteries, Circulation 90, pp. 1141-53 (1994). This excitatory 
action of serotoniniB receptors in vessel walls, resulting in vasoconstriction, is in 
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contrast to the previously-discussed inhibitory action of serotoniniQ recqstors in 
neurons. The. cardiovascular and general vascular solution of the present invention 
also may suitably include one or more of the anti-restenosis agents disclosed herein 
that reduce the incidence and severity of post-procedural restenosis resulting from, for 

5 example, angioplasty or rotational atherectomy. 

The solution of the present invention also has utility for reducing pain and 
inflammation associated with urolo^c procedures, such as trans-urethral prostate 
resection and similar urologic procedures. References herein to application of 
solution to the urinaiy tract or to the urological structures is intended to inchide 

10 application to the urinary tract per se, bladder and prostate and associated structures. 
Studies have demonstrated that serotonin, histamine and bradykinin produce 
inflammation in lower urinary tract tissues. Schwartz, M.M., et. aL, Vascular 
Leakage in the Kidney and Lower Urinary Tract: Effects of Histamine, Serotonin 
and Bradykinin, Proc Soc Exp Biol Med 140, pp. S35-539 (1972). A suitable 

IS irrigation solution for urologic procedures is disclosed in Example m herein below. 
The solution preferably includes a combination, and preferably all, of the following: a 
histaminei receptor antagonist to inhibit histamine-induced pam and inflammation; a 
5-HT3 receptor antagonist to block activation of these receptors on peripheral C-fiber 
nociceptive neurons; a brad^cinini antagonist; a bradyldnin2 antagonist; and a 

20 cyciooxygenase inhibitor to decrease pain/inflammation produced by prostaglandins at 
the tissue injury sites. Preferably an anti-spasm agent is also inchided to prevent 
spasm in the urethral canal and bladder wall. 

Some of the solutions of the present invention may suitably also include a 
gelling agent to produce a dilute gel. This gellable sohition may be applied, for 

2S example, vniim the urinary tract or an arterial vessel to deUver a continuous, (filute 
local predetermined concentration of agents. 

The solution of the present invention may also be employed perioperatively for 
the inhibition of pain and inflammation in surgical wounds, as well as to reduce pain 
and inflammation associated with bums. Bums result in the release of a significant 

30 quantity of biogenic amines, which not only produce pain and inflammation, but also 
result in profoimd plasma extravasation (fluid loss), often a life-threatening 
component of severe bums. HbOunan, C.J., et. al.. The Effect of Ketanserin, a 
Specific Serotonin Antagonist, on Bum Shock Hemodynamic Pcarameters in a 
Porcine Bum Model, J Trauma 23, pp. 867-871 (1983). The solution disclosed in 

35 Example I for arthroscopy may also be suitably applied to a wound or bum for pain 
and inflammation control, and for surgical procedures such as arthroscopy. The 
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agents of the solution of Example I may alternately be included in a paste or salve 
base, for application to the bum or wound. 

Vn. Examples 

The following are several formulations in accordance with the present 
5 invention suitable for certain operative procedures followed by a sunmiaiy of three 
clinical studies utilizing the agents of the present invention. 

A, ExiMnpigl 

Inigadon Solution for Arthroscopy 

The following composition is suitable for use in anatomic joint irrigation 
10 during arthroscopic procedures. Each drug is solubilized in a carrier fluid containing 
physiologic electrolytes, such as normal saline or lactated Ringer's solution, as are the 
rmaining solutions described in subsequent examples. 



Class of Agent 


DQ2g 


Concentration 

(Nanomolar): 

Therapeutic 


Preferred 


Most 
Preferred 


serotonin2 antagonist 


amitriptyiine 


0.1-1,000 


50-500 


100 


serotonin3 antagonist 


metodopnunide 


10-10,000 


200-2,000 


1,000 


histamine^ antagonist 


amitriptyiine 


0.1-1,000 


50-500 


200 


serotoniniA, m. ID, IF 
^onist 


sumatriptan 


1-1,000 


10-200 


50 


bradykinini antagonist 


[des-AiglO] 

derivative of 
HOE 140 


1-1,000 


50-500 


200 


bradykinin2 antagonist 


HOE 140 


1-1,000 


50-500 


200 
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B. Example n 

Imgation Solution for Cardiovascular and General Vascular Therapeutic and Diagnostic 
Procedures 



:^ The following drugs and concentration ranges in solution in a physiologic 
S carrier fluid are suitable for use in irrigating operative sites during cardiovascular and 
general vascular procedures. 



piass of Agent 
serotonin2 antagonist 


trazodone 


Concentration 

(Nanomolar): 

Therapeutic 

0.1-2,000 


Preferred 
50-500 


Most 
Preferred 

200 


serotonins antagonist 


nwtodopramide 


10-10,000 


200-2,000 


1,000 


serotoniniB antagonist 


yohimbine 


0.1-1,000 


50-500 


200 


bnulykinini antagonist 


[des-ArgW] 
derivative of 
HOE 140 


1-1,000 


SO-SOO 


200 


cyclooxygenase inhibitor 


ketorolac 


100-10,000 


500-5,000 


3,000 
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C. Example m 

Irrigation Solution for Urologic Procedures 

The foUovdng drugs and concentration ranges in solution in a physiologic 
carrier fluid are suitable for use in irrigating operative sites during urologic 
S procedures. 



Class of Agent Drug 

histamine] antagonist 

serotoninj antagonist 

bradykinini antagonist [des-Arg^^] 

derivative of 



Concentration 

(Nanomolar): Most 
Therapeutic Preferred Preferred 



terfenadine 0.1-1,000 50-500 200 

metoclopramide 10-10,000 200-2,000 1,000 

1-1,000 50-500 200 

of 
HOE 140 



bradykinin2 antagonist HOE 140 
cyclooxygenase inhibitor 



1-1,000 50-500 200 

100-10,000 500-5,000 3,000 
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D. Example IV 

Lrrigation Solution fi>r Aithroscopy, Bums, General Surgical Wounds and Oral/Dental 
Applications 

The following composition is preferred for use in anatomic irrigation during 
arthroscopic and oral/dental procedures and the management of bums and general 
surgical wounds. While the solution set forth in Bxample I is suitable for use with the 
present invention, the follo^g solution is even more preferred because of expected 
higher efficacy. 

Concentration 

Class of Agent Dmff (Nanomolar): Most 

Therapeutic Preferred Prrferred 

serotonin2 antagonist amitriptyline 0.1 - 1,000 SO - SOO 200 

serotonin3 antagonist metoclopramide 10 - 10,000 200 « 2,000 1,000 

histamine^ antagonist amitriptyline 0.1 - 1,000 SO - SOO 200 

serotonmiA.iB.lD, sumatriptan 1-1,000 10-200 100 
IP agonist 

cycloo^g^enase ketorolac 100-10,000 SOO-S,000 3,000 
inhibitor 

neurokinini antagonist GR 82334 1 - 1,000 10 - SOO 200 

neuroldnin, antagonist (±)SR 48968 1-1,000 10-500 200 



purine2x antagonist PPADS 100-100,000 10,000- 50,000 

100,000 

ATP-sensitive K"^ (-) pinacidil 1 - 10,000 100 - 1,000 500 
channel 
agonist 

Ca2+ channel nifedipine 1 - 10,000 100 - 5,000 1,000 

antagonist 

kallikrein inhibitor aprotinm 0. 1 - 1,000 SO - 500 200 
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E. Example V 

Ahemate Inigation Solution for Cardiovascular and General Vascular Therapeutic and 
Diagnostic Procedures 

The following drugs and concentration ranges in solution in a physiologic 
5 carrier fluid are preferred for use in irrigating operative sites during cardiovascular 
and general vascular procedures. Again, this solution is preferred relative to the 
solution set forth in Example II above for higher efficacy. 



Concentration 

Class Qf Agent Drug (Nanomolar): Most 

Therapeutic Preferred Preferred 

serotonin2 antagonist trazodone 0. 1 - 2,000 50 - 500 200 

cyclooxygenase ketorolac 100- 10,000 500-5,000 3,000 

inhibitor 

endothelin antagonist BQ 123 0.01 -1,000 10-1,000 500 

ATP-sensitiveK+ (-)pinaddil 1-10,000 100-1,000 500 

channel ' 
agonist 

Ca^+ channel nisoldipine 1 - 10,000 100 - 1,000 500 

antagonist 



nitric oxide donor siN-l 10 - 10,000 100 - 1,000 



500 
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R Example VI 

Alternate Irrigation Solution for Urologic Procedures 

The foUoiiving drugs and concentration ranges in solution in a physiologic 
earner fluid are preferred for use in irrigating operative sites during urologic 
procedures. The solution is believed to have even higher efficacy than the sohition set 
forth in prior Example m. 



Class of Agent 



Drug 



sa:otonin2 antagonist LY 53857 
histamine^ antagonist terfenadine 



cydoo^^genase 
iniubitor 

neurokinm2 
antagonist 

purine2x antagonist 

ATP-sensitiveK*** 
channel agonist 

Ca^channd 



kallikrein inhibitor 
nhric oxide donor 



ketorolac 
SR 48968 

PPADS 
(-) pinaddil 

nifedipine 

^otinin 
SIN-l 



Concentration 
(Nanomolar): 

Therapeutic Preferred 

0.1-500 1-100 

0.1 - 1,000 50-500 

100-10,000 500-5,000 



1 - 1,000 



10 - 500 



Most 
Preferred 

50 

200 

3,000 

200 



100-100,000 10,000-100,000 50,000 
1-10,000 100-1,000 500 



1 - 10,000 100 - 5,000 



1,000 



0.1-1,000 50 - 500 200 
10-10,000 100-1,000 500 
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G. Example Vn 



10 



Cardiovascular and General Vascular Anti-RestenosU Irrigation Sohidon 

The following drugs and concentration ranges in solution in a physiologic 
carrier fluid are preferred for use in irrigation during cardiovascular and general 
vasoilar therap»itic and diagnostic procedures. The drugs in this preferred solution 
may also be added at the same concentration to the cardiovascular and general 
vascular irrigation solutions of Examples IT and V described above or Example Vm 
described below for preferred anti-spasmodic, anti-restenosis, 
anti-pain/anti-inflammation solutions. 



Class of Agent Dryg 



thrombin inhibitor hiruiog 

glycoprotein nbynia integrelin 
receptor blocker 



Concentration 

fNanomolarV 

Therapeutic 

0.2-20,000 

0,1-10,000 xKd 



Preferred 



Most 
Preferred 



PKC inhibitor 

protein tyrosine 
kinase iidiibitor 



GF109203X* 0.1-10,000 

tyiphostin 10-100,000 
AG1296 



2-2,000 200 

1-1000 xKd 100 xKd 

1-1,000 200 

100-20,000 10,000 



* Also known as Go 6850 or Bisindoyhnaleimide I (available from Warner-Lambert) 
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H. Example Vm 

Alternate Irrigation Solution for Cardiovascular and General Vascular Therapeutic and 
Diagnostic Procedures 

An additional preferred solution for use in cardiovascular and general vascular 
S therapwtic and diagnostic procedures is formulated the same as the previoudy 
described formulation of Example V, except that the nitric oxide (NO donor) SIN-1 is 
replaced by a combination of two agents, FK 409 (NOR-3) and FR 144420 (N0R-4X 
at the concmtrations set forth below: 



Class pf Agent 



Drug 



Concentration 
(Nanomolar): 
Therapeutic Preferred 



Most 
Preferred 



NO donor 



FK409(NOR.3) 



1-1,000 



10-500 



250 



NO donor 



FR 144420 
CNOR-4) 



10-10,000 



100-5,000 



1,000 
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Example IX 



Alternate Irrigation Solution for Arthroscopy, General Surgical Wounds, 
Bums and Oral/Dental Applications 



10 



An alternate preferred solution for use in irrigation of arthroscopic, general 
surgical and oral/dental applications is formulated the same as in the previously 
described Example IV, with the following substitution, deletion and additions at the 
concentrations set forth below: 

1) amitriptylme is replaced by mepyramine as the Hj antagonist; 

2) the Icallikrein inhibitor, aprotinin, is deleted; 

3) a bradykinini antagonist, [leu^] [des-Arg^O] kalliden, is added; 

4) a bradykinin2 antagonist, HOE 140, is added; and 

5) a T-opioid agonist, fentanyl, is added. 



Clas^ofAg^nt 



bradykinini 
antagonist 

bradykinin2 
antagonist 

T-opioid 
agonist 



Dmg 



Hj antagonist mepyramine 



[leu^>][des-ArglO] 
kalliden 

HOE 140 



fentanyl 



Concentration 
(Nanomolar): 
Therapeutic Preferred 



0.1-1,000 
0.1-500 

1-1,000 
0.1-500 



5-200 
10-200 

50-500 
10-200 



Most 
Preferred 

100 
100 

200 
100 
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Example X 



10 



Ahemate Irrigation solution for Urolopc Procedures 
An alternate preferred solution for use in irrigation during urologic procedures 
is fermulated the same as in the previously described Example VI with the following 
substitution, deletion and additions at the concentrations set forth below: 

1) SIN- 1 is replaced as the NO donor by a combination of two agoits: 

a) FK409(NOR-3);and 

b) FR 144420 (NOR-4); 

2) the kallikrein inhibitor, aprotinin, is deleted; 

3) a bradjidninx antagonist, [leu^] [des-Arg^^] kalliden, is added; and 

4) a bradykinin2 antagonist, HOE 140, is added. 



15 



250 

1,000 

100 



Conc«itration 

Class of Agent Drug (Nanomolar): Most 

Thaapeuric 

NO donor FK 409 (NOR-S) 1-1,000 
NO donor FR 144420 10-10,000 
(NOR-4) 

bradykinini [Ieu5l[des-Argl0] 0.1-500 
antagonist kalliden 

bradykinm2 HOE 140 1-1.000 50-500 200 

antagonist 
K. Example XI 

Balloon Dilatation ofNormal liac Arteries in the New Zealand White Rabbit and fhe 
Influence of Histamine/Serotonin Receptor Blockade on the Response 

The purpose of this study was twofold. First, a new in vivo model for the' 
study of artnial tone was emplo^d. The time course of arterial dimenaon changes 
before and after balloon angioplasty is described below. Second, the role of Mstamine 



10-500 
100-5,000 

10-200 

50-500 
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and serotonin together in the control of arterial tone in this setting was then stucQed by 
the selective infusion of histamine and serotonin receptor blocking agents into arteries 
before and after the angioplasty injury. 

1. Design Considerations 

S This study was intended to describe the time course of change m arterial 

lumen dunensions in one group of arteries and to evaluate the effect of 
histamine/serotonin receptor blockade on these changes in a second group of similar 
arteries. To facilitate the comparison of the two different groups, both groups were 
treated in an identical manner with the exception of the contents of an infiision 

0 performed during the e7q)€jment. In control animals (arteries), the in&sion was 
nonnal saline (the vehicle for test solution). The histamine/serotonin receptor 
blockade treated arteries received salme containing the receptor antagonists at the 
same rate and at the same part of the protocol as control animals. Spedfically, the 
test solution included: (a) the serotomn3 antagonist metodopramide at a 

S concentration of 16.0 |jM; (b) the serotonin2 antagonist trazodone at a concentration 
of 1.6 (xM; and (c)the histamine antagonist promethazine at concentrations of 
1.0 pM, all in normal saline. Drug concentrations within the test solution were 16- 
fold greater than the drug concentrations delivered at the operative site due to a 16 to 
1 flow rate ratio between the iliac artery (80 cc per minute) and the solution delivery - 

0 catheter (S cc per minute). This study was performed in a prospective, randomized 
and blinded manner. Assignment to the spedfic groups was random and investigators 
were blinded to infu^on sohition contents (saline alone or saline containing the 
histamine/serotonin receptor antagonists) until the completion of the angiographic 
analysis. 

S 2. Animal Protocol 

This protocol was approved by the Seattie Veteran AflOurs Medical Center 
Committee on Animal Use and the &dlity is My accredited by the American 
Assodation for Accreditation of Laboratoty Animal Care. The iliac arteries of 3-4 kg 
male New Zealand white rabbits fed a regular rabbit chow were studied. The animals 
0 were sedated using intravenous xylazine (S mg/kg) and ketamine (35 mg/kg) dosed to 
effect and a cutdown was performed in the ventral midline of the neck to isolate a 
carotid artery. The artery was ligated distally, an arteriotomy performed and a 
S French sheath was introduced into the descending aorta. Baseline blood pressure 
and heart rate were recorded and then an angiogram of the distal aorta and bilateral 
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iliac arteries was recorded on 35 mm dne film (frame rate IS per second) using hand 
injection of iopamidol 76% (Squibb Diagnostics, Princeton, NJ) into the descending 
aorta. For each angiogram, a calibration object was placed in the radiographic field of 
view to allow for correction for magnification when diameter measurements were 
5 made. A 2.5 French infusion catheter (Advanced Cardiovascular Systems, Santa 
Clara, CA) was placed through the carotid sheath and positioned 1-2 cm above the 
aortic bifurcation. Infusion of the test solution — either saline alone or saline 
containing the histamine/serotonin receptor antagonists — was started at a rate of 5 cc 
per minute and continued for 15 minutes. At 5 minutes into the infiision, a second 

10 angiogram was performed u»ng the previously described technique then a 2.5 mm 
balloon angioplasty catheter (the Lightning, Cordis Corp., Afiami, FL) was rapidly 
advanced under fluoroscopic guidance into the left and then the right iliac arteries. In 
each iliac the balloon catheter was carefully portioned between the proxunal and 
distal deep femoral brandies uang bony landmarks and the balloon was inflated for 

15 30 seconds to 12 ATM of pressure. The balloon catheter was inflated using a dilute 
solution of the radiographic contrast agent so that the inflated balloon diameter could 
be recorded on cine fihn. The angioplasty catheter was rapidly removed and another 
angiogram was recorded on cine Sim at a mean of 8 minutes after the infusion was 
begun. The infusion was continued until the 15 minute time point and another 

20 an^ogram (the fourth) was performed. Then the infusion was stopped (a total of 
75 cc of solution had been infused) and the infusion catheter was removed. At the 
30 minute time point (15 minutes after the infiision was stopped), a final angiogram 
was recorded as before. Blood pressure and heart rate w^e recorded at the 15 and 
30 minute time points immediatdy before the angiograms. After the final angiogram, 

25 the animal was euthanized with an overdose of the anesthetic agents administered 
intravenously and the iliac arteries were retrieved and immersion fixed in formation 
fOT histologic analysis. 

3. Angiographic Analysis 

The angiograms were recorded on 35 mm cine fiilm at a firame rate of 15 per 
30 second. For analysis, the angiograms wm projected from a Vanguard projector at a 
distance of 5.5 feet. Hiac artery diameters at prespecified locations rdative to the 
balloon angioplasty site were recorded based on hand held caliper measurement after 
correction for magnification by measurement of the calibration object. Measurements 
were made at baseline (before test solution infiision was begun), 5 minutes into the 
35 infiision, immediately post balloon angioplasty (a mean of 8 minutes after the test 
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solution was begun), at IS minutes Qust before the infii^on was stopped) and at 
30 minutes (IS minutes after the in&sion was stopped). Diameter measurements 
were made at three sites in each iliac artery: proximal to the site of balloon £laiation, 
at the site of balloon dilatation and just distal to the site of balloon dilatation 
S The diameter measurements were then converted to area measurements by the 

formula: 

Area = (Pi)(Diameter^4. 
For calculation of vasoconstriction, baseline values were used to 
represent the maximum area of the artery and percent vasoconstriction 
10 was calculated as: % Vasoconstriction- {(Baseline area -Later time point 

azeaVBaseline area} xlOO. 

4. Statistical Methods 

AO values are expressed as meani: 1 standard error of the mean. The time 
course of vasomotor response in control arteries was assessed using one way analysis 

IS of variance with correction for repeated measures. Post hoc comparison of data 
between specific time points was performed using the Scheffe test. Once the time 
points at which significant vasoconstriction occurred had been determined in control 
arteries, the control and histamine/serotonin receptor antagonist treated arteries were 
compared at those time points where significant vasoconstriction occurred in control 

20 arteries using multiple analysis of variance with treatment group identified as an 
independent variable. To compensate for the absence of a single a priori stated 
hypothesis, a p value <0.01 was considered significant. Statistics were perfiarmed 
u»ng Statistica for Windows, version 4.S, (Statsoft, Tulsa, OK). 

Si Results 

2S The time course of arterial dimension changes before and after balloon 

angioplasty in normal arteries receiving saline infiision was evaluated in 16 arteries 
from 8 animals (Table 23). Three segments of each arteiy were studied: the proximal 
segment inmiediately upstream from the balloon dilated segment, the balloon dilated 
segment and the distal segment immediately downstream from the balloon dilated 

30 segment. The proximal and distal segments demonstrated similar patterns of change- 
in arterial dimensions: in each, there was significant change m arterial diameter when 
all time points were compared (proximal segment, p=0.0002 and distal segment, 
p<0.001, ANOVA). Post hoc testing indicated tiiat the diameters at the immediate 
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post angioplasty time point were significantly less than the diameters at baseline or at 
the 30 minute time pomt in each of these segments. On the other hand, the arterial 
diameters in each segment at the S minute, IS minute and 30 minute time pomts were 
^milar to the basdine diameters. The balloon dilated segment showed lesser changes 
S in arterial dimension than the proximal and distal segments. The baselhe diameter of 
this segment was 1.82:^0.05 mm; the nominal inflated diameter of the balloon used for 
angioplasty was 2.5 mm and the actual measured inflated diameter of the balloon was 
2,20±0.03 mm (p<0.0001 vs. baseline diameter of the balloon treated segment). 
Thus, the inflated balloon caused circumferential stretch of the balloon dilated 
10 segment, but there was only slight increase in lumen ctiameter from baseline to the 
30 minute time point (1.82^.05 nun to 1.94±0.07 mm, p-NS by post hoc testing). 

Table 23 

Anriographicallv determined lumen diameters at th e specified times before and after 
balloon dilatation of normal iliac arteries. 

Segment Baseline 5Mmute &nmediate IS Minute 30 Minute 

PostPTA 

Proximal' 2.1810.7 2.03±0,7 L81±0.08* 2.00±.08 2.23±.08 

Ballootf 1.82±.05 1.77±.03 1.79±.0S l.70±.04 1.94±07 

Distal^ 1.76±04 1.68±.04** 1,43±.04* l,54i03 1.69±.06 

IS All measurements in mm. MeanstSEM. PTA = percutaneous transhiminal 
angioplasty. 

^ p=0.0002 (ANOVA within group comparison),^ p=0.03 (ANOVA within group 
comparison), 

20 ^ p<0.0001 (ANOVA within group comparison). N=16 at aQ time pomts. 

* p<0.01 versus baseline and 30 mmute diameter measurements (Scheffe test for post 
hoc comparisons). 

**p<0.01 versus immediate post PT A measurements (SchefiFe test for post hoc 
comparisons). All other post hoc comparisons were not significant using the p<0.01 
25 threshold. 

Arterial lumen diameters were used to calculate lumen area then the area 
measurements were used to calculate percent vasoconstriction by comparison of the 
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Smiimte, immediate post an^oplasty, IS and 30 minute data to the baseline 
measurements. The proximal and distal segment data expressed as percent 
vasoconstriction are shown in FIGUKE9; the changes in the amount of 
vasoconstriction over time are significant On the proximal segment, p=O.0008; in the 

5 distal segment, p=0.0001, ANOVA). Post hoc testing identifies the vasoconstriction 
at tke immediate post angioplasty time point as significantiy different firom that 
present at the 30 minute time point ^<0.001 in both s^ments). In the distal segment, 
the hntn^iatis post angioplasty vasoconstriction was also significantly less than that at 
Smmutes (p<0.01); no other differraces in intra-time point comparisons^ were 

10 agnificant by post hoc testing. 

The luminal changes in control arteries can be summarized as follows: 
1) Vasoconstriction with loss of approximately 30% of baseline luminal area occurs in 
the segments of artery proximal and distal to the balloon dilated segment immediately 
after balloon dilatation. There are trends to smaller amounts of vasoconstriction in 

IS the proximal and distal segments before dilatation and at the IS minute time point 
(^proximately 7 minutes after dilatation) also but, by the 30 minute time point 
(approximately 22 minutes after dilatation), a trend towards vasodilatation has 
rq>kced the previous vasoconstriction; 2) In the balloon dilated segment, only minor 
changes in lumen dimensions are present, and, despite the use of a balloon with a 

20 significantiy larger inflated diameter than was present in this segment at baseline, there 
was no significant increase in lumen diameter of the dilated segment. These findings 
lead to a conclusion that any effects of the putative histamine/serotonin treatment 
would only be detectable in the proximal and distal segments at the time points where 
vasoconstriction was present. 

25 The histamine/serotonin receptor blockade solution was infiised 

into 16 arteries (8 animals); angiographic data was available at all time points 
ill 12 arteries. Heart rate and systolic blood pressure measurements vrm available in 
a subset of animals (Table 24). There were no differences in heart rate or systolic 
blood pressure when the two animal groups were compared within spedfic time 

30 points. Hstamme/serotonin treated animals showed trends toward a decrease in the 
systolic blood pressure firom baseline to 30 minutes (-14i:5 mm Hg, p=0.d4) and a 
lower heart rate (-26^10, p=O.OS). Within the control animals, there was no change 
in heart rate or systolic blood pressure over the duration of the experiment. 
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Table 24 



Systolic blood pressure and heart rate measurements in control and 
histamine/serotonin treat ed animals 



Group 




5 Minute 



ISMuiute 




(N) 



(N) 



Systolic Blood Pressure 



Control 



83±4(8) 



84±4(8) 



82±6(8) 



80±4(8) 



Hstamtne/Seiotonin 



93±5(6) 



87±9 (4) 



82dt9(6) 



8Q±8(6)* 



Heart Rate 



Control 



221±18(5) 234±18(4) 217±23 (5) 



227±22 (5) 



Histamine/Serotonin 232±8 (5) 232±8(5) 209±14(5) 206±12(5)** 

Systolic blood pressure in mm Hg and heart rate in beats per minute. Mean±SEM 

* p=0.04 for decrease in systolic blood pressure from baseline to 30 minutes and 

♦♦p=0.05 for decrease in heart rate from baseline to 30 minutes within the 
histamine/serotonin treated animals. 



The proximal and distal segments of histamine/serotonin treated arteries were 
compared to control arteries using the percent vasoconstriction measurement 
FIGURE lOA shows the effects of the histamine/serotomn infiision on proximal 
segment vasoconstriction relative to the vasoconstriction present in the control 

15 arteries. When the findings in the two treatment groups were compared at the 
baseline, inmiediate post angioplasty and IS minute time points, histamine/serotonin 
infiision resulted m significant^ less vasoconstriction compared to the control saline 
infiision (p=0.003. 2-way ANOVA). Comparison of the two treatment groups in the 
distal segment is illustrated in FIGURE lOB. Despite observed difEerences in mean 

20 "diameter measurements in the distal segment, solution treated vessels exh2)itcd less 
vasoconstriction than saline treated control vessels at baseline, immediate post- 
angioplasty and 15 minute tune pomts, this pattern did not achieve statistical 
significance (p=0.32, 2.way ANOVA). Lack of statistical significance may be 
attributed to smaller than expected vasoconstriction values in the control vessels. 



10 
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Amhriptyline Lihibhion of S-Hydro:Q^tr}^tainin&-Induced 
Knee Joint Plasma Extravasation - Comparison of Xntra-Articular 
Versus Intravenous Rx)utes of Administration 

5 The following study was undertaken in order to compare two routes of 

administration of the 5-HT2 receptor antagonist, amitriptyline: 1) continuous intra- 
articular infusion; versus 2) intravenous injection, in a rat knee synovial model of 
inflammation. The ability of amitriptyline to inhibit 5-HT-induced joint plasma 
extravasation by comparing both the efficacy and total drug dose of amitriptyline 
10 delivered via each route was determined. 

1. Animals 

Approval from the Institutional Animal Care Committee at the University of 
California, San Francisco was obtained for these studies. Male Sprague-Dawley rats 
(Bantin and Kmgman, Fremont, CA) weighing 300 - 450 g were used in these studies. 
15 Rats were housed under controlled lighting conditions (lights on 6 AM. to 6 P.M.), 
with food and water available ad libitum. 

2. Plasma Extravasation 

Rats were anesthetized with sodium pentobarbital (65 rag/kg) and then given a 
tail vein injection of Evans Blue dye (50 mg/kg m a volume of 2.5 xnUkg), which is 

20 used as a marker for plasma protein extravasation. The knee joint capsule was 
exposed by excising the overlying skin, and a 30-gauge needle was inserted into the 
joint and used for the infusion of fluid. The infusion rate (250 Kil/min) was controlled 
by a Sage Instruments Syringe pump (Model 341B, Orion Research Inc., Boston, 
MA). A 25-gauge needle was also inserted into the joint space and peifiisate fluid 

25 was extracted at 250 nl/min, controlled by a Sage hstniments Syringe pump 
(Model 351). 

The rats were randomly assigned to three groups: 1) those receiving only 
intra-articular (lA) 5-HT (1 jiM), 2) those receiving amitriptjdine intravenously (IV) 
(doses ranging from 0,01 to 1.0 mg/kg) followed by lA 5-HT (1 mM), and 3) those 
30 receiving amitriptyline intra-articularly (lA) (concentrations ranging from I to 
100 nM) foUowed by lA 5-HT (1 jiM) plus lA amitriptyline. In all groups, baselme 
plasma extravasation levels were obtained at the beginning of each experiment by 
per&siqg 0.9% saline intra-articularly and collecting three perfiisate samples over a 
15 min period (one every 5 min). The first group was tfien administered 5-HT lA for 
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a total of 25 xnin. Perfiisate samples were collected every S min for a total of 25 min. 
Samples were then analyzed for Evans Blue dye concentration by spectrophotometric 
measurement of absorbance at 620 nm, which is linearly related to its concentration 
(Carr and Wilhelm, 1964). The W amitriptyline group was administered the drug 
5 during the tail vein injection of the Evans Blue dye. The knee joints were then 
perfused for 15 min with saline (baseline), followed by 25 min perfusion with 5-HT 
(1 pM). Perfiisate samples were collected every 5 min for a total of 25 min. Samples 
were then analyzed using spectrophotometry. Li the lA amitriptyline group, 
amitriptyline was perfused intra-articularly for 10 min after the 15 min saline 

10 perfiision, then amitriptyUne was perfiised in combination with 5-HT for an additional 
25 min. Perfiisate samples were collected every 5 min and analyzed as above. 

Some rat knees were excluded fi'om the study due to physical damage of knee 
joint or faiflow and outflow mismatch (detectable by presence of blood in perfusate 
and high baseline plasma extravasation levels or knee joint swelling due to improper 

15 needle placement). 

a. S-BTT-Induced Plasma Extravasation 

Baseline plasma extravasation was measured in all knee joints tested 
(total n=22). Baseline plasma extravasation levels were low, averaging 0.022 ± 0.003 
absorbance units at 620 imi (average + standard error of the mean). This baseline 

20 extravasation level is shown in FIGURES 1 1 and 12 as a dashed line. 

5-HT (1 pM) perfiised into the rat knee joint produces a time-dependent 
increase in plasma extravasation above baseline levels. During the 25 min perfusion 
of 5-HT mtra-articularly, maximum levels of plasma extravasation were achieved by 
15 min and continued until the perfiision was terminated at 25 min (data not shown). 

25 Therefore, 5-HT-induced plasma extravasation levels reported are the average of the 
15, 20 and 25 min tune points during each experiment 5-HT-uiduced plasma 
extravasation averaged 0.192 + 0.011, approximately an 8-fold stimulation above 
baseline. This data is graphed in FIGURES 1 1 and 12, corresponding to the "0** dose 
of IV amitriptyUne and the **0" concentration of lA amitriptyline, respectively. 

30 b. Effect of Intravenous Amitriptyline on S-HT-Induced Plasma Extravasa^on 

Amitriptyline administered via tail vein injection produced a dose-dependient 
decrease in 5-HT-induced plasma extravasation as shown in FIGURE 11. The IC50 
for IV amitriptyline inhibition of 5-HT-induced plasma extravasation is approximately 
0.025 mg/kg. S-HT-induced plasma extravasation is completely inhibited by an 

35 rV amitriptyline dose of I mg/kg, the plasma extravasation averaging 0.034 + 0.010. 
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c. Effect of Iirtra-arricular amitriptyline on 5-HT*][ nAiced P^fi tna Extravasatioii 
Amitriptyline administered alone in increasing concentrations intra-articulatiy 
did not affect plasma extravasation levels relative to baseline, with the plasma 
extravasation averaging 0.018 ± 0.002 (data not shown). Amitriptyline co-perfused in 
S increasing concentrations with 5-HT produced a concentration-dependent decrease in 
5-HT-induced plasma extravasation as shown in FIGURE 12. 5-HT-induced plasma 
extravasation in the presence of 3 pM lA amitriptyline was not significantly different 
fi-om that produced by 5-HT alone, however, 30 jiM amitriptyline co-perfiised with 
S-HT produced a greater than 50% inhibition, -wbSie 100 jiM amitriptyline produced 
10 complete inhibition of S-HT-ihduced plasma extravasation. The IC30 for lA 
amitriptyline inhibition of S-HT~mduced plasma extravasation is approximately 
20 mM. 

The major finding of the present study is that 5-HT (1 jiM) perfijsed intra- 
articularly in the rat knee joint produces a stimxilation of plasma extravasation that is 
15 approxunately 8-fold above baseline levels and that either intravenous or intra- 
articular administration of the 5-HT2 receptor antagonist, amitriptyline, can inhibit 
5-HT-induced plasma extravatioa The total dosage of administered amitriptylme, 
however, differs dramatically between the two methods of drug delivery. The IC50 for 
IV amitriptyline mhibition of 5-HT-induced plasma extravasation is 0.025 mg/kg, or 
20 7.5 X 10*^ mg in a 300 g adult rat. The IC30 for lA amitriptylme inhibition of 5<HT- 
mduced plasma extravasation is approximately 20 |iM. Since 1 ml of this solution 
was ddivered every five mmutes for a total of 35 mm during the experim^, the total 
dosage perfiased into the knee was 7 ml, for a total dosage of 4.4 x 10'' mg perfused 
into the knee. This lA amitriptyline dose is approximately 200-fold less than the IV 
25 amitriptyline dose. Furthermore, it is likely that only a small fi-action of the lA 
perfiised drug is systemically absorbed, resulting in an even greater difference in the 
total delivered dose of drug. 

Since 5-HT may play an important role in surgical pain and inflammation, as 
^scussed earlier, 5-HT antagonists such as amitriptyline may be beneficial if used 
30 during the perioperative period. A recent study attempted to determine the effects of 
oral amitriptyline on post-operative orthopedic pain (Keirick et aL, 1993). An oral 
dose as low as 50 mg produced undesirable central nervous system ade-effects, iucfa 
as a ''decreased feefing of well-being". Thdr study, in addition, also showed that oral 
amitriptyline produced higher pain scale scores than placd>o (P<0.05) in the post- 
35 operative patients. Whether this was due to the overall unpleasantness produced by 
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oral aimtriptyline is not known. In contrast, an intra-aiticular route of adnunistration 
aUows an extremely low concentration of drug to be delivered locally to the site of 
inflammation, posably resulting in maximal beneflt with minimal side-effects. 

M Example Xm 

S E&cts Of Cardiovascular and General Vascular Solution On Rotational 
Atherecton^-Induced Vasospasm Li Rabbit Arteries 

1. Solution Tested 

This study utilized an irrigation solution consisting of the agents set forth in 
Exanq)le V. above, with the foUowmg exceptions. Nitroprusside replaced SIN-1 as 
10 the nitric oxide donor and nicardipine replaced nisoldipine as the Ca^*^ channel 
antagonist. 

The concentration of nitroprusside was selected based on its previously- 
defined pharmacological activity (EC50). The concentrations of the other agents in 
this test solution were determined based on the binding constants of the agents with 

15 their cognate receptors. Furthermore, all concentrations were adjusted based on a 
blood flow rate of 80 cc per minute in the distal aorta of the rabbit and a flow rate of 
S cc per minute in the solution delivery catheter. Three components were mbced in 
one cc or less DMSO, and then these components and the remaimng three 
components were mbced to thdr final concentrations in normal saline. A control 

20 sohxtion condsting of normal safine was utilized. The test solution or the control 
solution was infiised at a rate of 5 cc per minute for 20 mmutes. A hneS pause in the 
infiision was necessary at the times blood pressure measurements were made, so each 
animal received about 95 cc of the solution in the 20 minute treatment period* 

2. AmmalProtoccd 

25 TWs protocol was approved by the Seattle Veteran Afl&irs Medical Cento- 

Committee on Animal Use, which is accredited by the American Association for 
Accreditation of Laboratory Animal Care. The iliac arteries of 3-4 kg male New 
Zealand white rabbits fed a 2% cholesterol rabbit chow for 3-4 weeks were studied. 
The animals were sedated using mtravenous xylazine (Smg/kg) and ketamine 

30 (35 mg/kg) dosed to effect and a cutdown was performed in the ventral midline of the 
neck to isolate a carotid artery. The artery was ligated distaDy, an artoiotomy 
performed and a 5 French sheath was introduced into the descending aorta and 
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portioned at the level of the renal arteries. Basdine blood pressure and heart nte 
were recorded. An angiogram of the distal aorta and bilateral iliac arteries was 
recorded on 35 mm cine film (frame rate 15 per second) using hand injection of 
iopamidol 76% (Squibb Diagnostics, Princeton, NJ) into the descending aorta. 

For each an^ogram, a calibration object was placed in the radiographic fidd 
of view to allow for correction for magnification yAtea diameter measurements were 
made. Infiision of either the above described test sohition or a saline control sohitioa 
was started through the side arm of the 5 French sheath (and deUvered to the distal 
aorta) at a rate of 5 cc pet minute and continued for 20 minutes. At 5 minutes into 
the infusion, a second an^ogiam was performed using the previoudy desoibed 
technique. Then a 1.25 mm or a 1.50 mm rotational athereaomy burr (Heart 
Technology/Boston Scientific Inc.) was advanced to the iliac arteries. The rotational 
atherectomy burr was advanced three times over a guide wire in each of the iliac 
arteries at a rotation rate of 150,000 to 200,000 RPM. In each iUac, the rotational 
atherectomy burr was advanced from the distal aorta to the mid portion of the iliac 
artery between the first and second deep femoral brandies. The rotational 
atherectomy burr was rapidly removed and another angiogram was recorded on cine 
fibn at a mean of 8 minutes after the infiision was begun. 

The infiision was continued until the 20 minute time pdnt, and another 
angiogram (the fourth) was performed. Thai the infiision was stopped. A total of 
about 95 cc of the control or test solution had been infiised. At the 30 minute time 
point (15 minutes after the infiision was stopped), a final angiogram was recorded as 
before. Blood pressure and heart rate were recorded at the 15 and 30 minute time 
points immediately before the angiograms. After the final angiogram, the animal was 
euthanized with an overdose of the anesthetic agents administered intravenously. 

3. Aqgbgraphic Analysis 

The angiograms were recorded on 35 mm cine fihn at a frame rate of 15 per 
second. Angiograms were reviewed in random order without knowledge of treatment 
assignment. For analysis, the angiograms were projected from a Vanguard projector 
at a distance of 5.5 feet. The entire angiogram for each animal was reviewed to 
identify the anatomy of the aiac artoies and to identify the sites of greatest spa^ in 
the iliac arteries. A map of the iliac anatonqr was prqjared to assist in consistoitiy 
identifying sites for measurement. Measurements wwe made on the 15 minute post 
rotational atherectomy angiogram first, then in random order on the remaining 
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angiograms from that animal. Measurements were made using an electronic hand- 
held caBper (Brown & Sharpe, Inc., N. Kingston, RI). Hiac artery diameters were 
measured at three locations: proximal to the first deep femoral branch of the iliac 
artery; at the site of most severe spasm (this occurred between the first and second 

5 deep femoral artery branches in all cases); and at a distal site (near or distal to the 
origin of the second deep femoral artery branch of the iliac artery). Measurements 
were made at baseline (before test solution infiision was begun), 5 minutes into the 
infusion, immediately post rotational atherectomy (a mean of 8 minutes after the test 
solution was begun), at 20 nrinutes just after the infiision was stopped (this was 

10 15 minutes after the rotational atiierectomy was begun) and at 15 minutes after tiie 
infiiaon was stopped (30 minutes after the rotational atherectomy was begun). The 
calibration object was measured in each angiogrant 

The diameter measurements were then converted to area measurements by the 
formula: 

15 Area = (Pj)(Diameter2)/4. 

For calculation of vasoconstriction, baseline values were used to represent the 
maximum area of the artery and perc«it vasoconstriction was calcuhtted as: 

% Vasoconstiiction = {^asdine area - Latertime point area)/Baseline area} xlOO. 

4. Statistical Mediods 

20 All values are expressed as mean ±1 standard error of the mean. The time 

course of vasomotor response in control arteries was assessed uarig one way analysis 
of variance with correction for repeated measures. Post hoc comparison of data 
between specific time points was performed using the Scheflfe test. Test solution 
treated arteries were compared to saline treated arteries at specified locations in the 

25 iliac arteries and at specified time pomts using multiple analysis of variance 
(MANOVA). To compensate for the absence of a single a priori hypothesis, a p 
value < 0.01 was considered dgmficant. Statistics were performed using Statistica Sot 
Windows, version 4.5, (Statsoft, Tulsa, OK). 

5. Results ^ 

30 Eight arteries in 4 animals received saline solution and 13 arteries in seyen 

animals received test solution. In each artery, regardless of the sohition used, 
rotational atherectomy was performed with the rotating burr pasang from the distal 
aorta to the mid-portion of the iliac artery. Thus, the proximal iliac artery segment 
and the segment designated as the site of maximal vasoconstriction were subjected to 
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the rotating burr. The guide wire for the routionai atherectomy catheter passed 
through the distal segment, but the rotating burr of the rotational atherectomy, 
catheter itself did not enter the distal segment. 

Hiac artery diameters in saline treated arteries at the three specified segments 

5 are summarized in Table 25 . In the proximal segment, there was no significant change 
in the diameter of the artery over the time course of the Gqjeriment (p=0.88, 
ANOVA). In the nud-iliac artery at the site of maximal vasoconstriction, there was a 
significant reduction in diameter with the largest reduction occurring at the IS minute 
post-rotational atherectomy time pomt (p<0.0001, ANOVA comparing measurements 

10 at all 5 time points). The distal s^ment diameter did not agmficantly change over the 
time course of the experimmt (p=0.19, ANOVA comparing all time points) although 
there was a trend towards a smaller diameter at the irrunediate post- and IS minute 
post- rotational atherectomy time points. 
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Table 25 

Tliac artery lum en diameters at specified time points in saline treated arteries. 



Segment 


Baseline 
N=8 


S Minutes 

intoMiision 

N=8 


Immediate 

PostRA 

N=8 


ISAfinute 
after RA 
1^8 


30 Minutes 
after RA 
N»8 - 


Proximal' 


2.40*. 18 


2.32±.14 


2.32±0.13 


2.38±.13 


2.34±.07* 




2.01±.08 


I.84±.09 


1.57±.15 


1.24±.13 


1.87±.06** 


DistaP 


2.01±.10 


1.86a:.08 


1.79±.08 


1.81±.09 


1.96±.06*** 



RA=^tational atherectomy 
S ^ Proxiinal iliac artery measurement site, proximal to the first deep femoral branch 
2&fid iliac artery at the site of maximal vasospasm 

^ Distal iliac artery measurement site, near or distal to the second deep femoral branch 
* p^.88 by ANOVA comparing diameters in the proximal segment at the fiive time 
points. 

10 ^**ps=0.000007 by ANOVA comparing diameters at site of maximal vasospasm at the 
five time points. 

pM).19 by ANOVA comparing diameters in the distal segment at the five time 
points. 

IS The diameters of iliac arteries treated with the test sohition are shown in 

Table 26. Angiograms were not recorded in three of these arteries at the 5 minute 
post-initiation of the infimon time point and angiographic data w^e exchided from 
two arteries (one animal) at the 30 minute post-rotational atherectomy time pdnt 
because the animal recdved an air embolus at the IS minute angiogram that resulted 

20 in hemodynamic instability. Because tiiere is a variable number of observations at the 
five time points, no ANOVA statistic was applied to this data. Still it is apparent that 
the magnitude of change in the diameter measurements within segments in the test 
solution treated arteries over the time course of the experiment is less than was seen 
in the saline treated arteries. 
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Table 26 

Tif ftc yrterv lumen diameters at specified time points in Test Solution treated arteries. 



Segment 


Baseline 
N=13 


S Minutes 

intoInfii»on 

1^10 


Immediate 

PostRA 

N=13 


IS Minute 
after RA 
1^13 


30 Minutes 
after RA 
1^11 - 


Proximal^ 


2.28:1:.06 


2.07±.07 


2.22±.05 


2.42±.06 


2.39±.08 


Mi(P 


1.97±.06 


\.79±.06 


1.74±.04 


1.95±.07 


1.93±.08 


DistaP 


2.00±.O6 


1.92±.04 


1.9ftfc.04 


2.00±.06 


2.01±.07^ 



EA=rotational atherectomy 
5 ' Proxinud iliac artery measuremmt ate, proximal to the first deep femoral branch 
^Nfid iliac artery at the ate of maximal vasospasm 

3 Distal iliac artery measurement site, near or distal to the second deep femoral branch 
Because of the different number of observations at the various time points, ANOVA 
was not performed to determine the statistical similarity/difference in diameters within 
10 spedfic segments. 

The primary endpoint for this study was the comparison of the amounts of 
vasoconstriction in saline treated and test solution treated arteries. Vasoconstriction 
was based on arterial lumen areas derived fi-om artery diameter measurements. Area 

15 values at the S minute, immediate post-rotational atherectomy and later time points 
were con^)ared to the baseline area values to calculate the relative change m area. 
The results were termed ^'vasoconstriction" if the lumen area was smaller at the later 
time pomt than at baseline, and "vasodilatation" if the hmien area was larger at the 
later time point compared to the basefine area (Tables 27 and 28). To &ciUtate 

20 statistical analyds with the largest number of observations posable in both treatment 
groups, the test solution and saline treated artery data were compared at the 
immediate post- and at the 15 minute postrotational atherectomy time points. 

In the proximal segment (FIGURE 13), there was essentially no change in 
lumen area with either treatment at the immediate post-rotational atherectomy time 

25 point, but there was some vasoctilatation in this segmmt by tiie 15 minute post- 
rotational atherectomy time point. Test solution did not alter the results of rotational 
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atherectomy compared to saline treatment in this segment. In the mid-vessd 
(FIGURE 14) at the ^e of maximal vasoconstriction however, test solution 
significantly blunted the vasoconstriction, caused by rotational atherectomy in the 
saline treated arteries (p^.0004, MANOVA corrected for repeated measures). la the 
S distal segment O^GUKE IS), there was little vasoconstriction in the saline treated 
arteries and test solution (fid not significantly alter the response to rotational 
atherectomy. 

Table 27 

Amount of vasocon striction (negative values^ or vasodilatation (positive values^ at 
10 specified time points in saline treated arteries. 



Segment 


S Minutes 


Immediate 


15 Minute 


30 Minutes 


into Infusion 


PostRA. 


after RA 


after RA 




N=8 


N=8 


N=8 


N«8 


Proxiinal^ 


-3%d:,8% 


-1%±10% 




3%±13% 




.14%±7% 


-35%±10% 


-58%±7% 


-11%±.9% 


DistaP 


-9%±.10% 


-14%±.I4% 


-14%±10% 


2%±.12% 



^ Proximal iliac artery measurement ^te, proximal to the first deep femoral branch 
^Mid iliac artery at the ate of maximal vasospasm 

3 Distal iliac artoy measurement site, near or distal to the second deep femoral brandi 



15 
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Table 28 

Amnunt of yasQconstriction (negative values^ or v asodilatation (positive values) at 
s pecified time points in Test Solution treated arteries. 



Segmeat 


5 \finutes 
into Infiision 
N=10 


Immediate 

PostRA 

N=13 


ISMmute 
after RA 
N=13 


30\finutes 
after BA 
1^11 


Proxiinal* 


-17%±.5% 


-4%dt3% 


14«/«fc6% 


7%±9% 


Mid3 


-14%±5% 


-20%±5% 


0.3%±7% 




DistaP 


-8%±.4% 


-9%±.4% 


1%±4% 


3%±.6% 



1 Proxiinal iliac arteiy measurement ate, proximal to the first deep femoral branch 
^Afid iliac arteiy at the site of maximal vasospasm 

3 Distal iliac arteiy measurement site, near or distal to the second deep femoral branch 

The hemodynamic response in the saline and test solution treated arteries is 
summarized m Table 29. Compared to saline treated animals, test solution treated 
animals sustamed substantial hypotension and significant tachycardia during the 
solution infusion. By 15 minutes after completion of the infiision (or at the 30 minute 
postrotational athereaomy time point), test solution treated animals showed some 
partial, but not complete, return of blood pressure towards baseline. 
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10 



15 



Table 29 

Blood pressure and heart rates during the protocol. 



Group 

SystoUc Blood Pressure 
Saline 

Test Solution 
Heart Rate 
Saline 

Test Solution 



Baseline 
(N) 



83±9 (4) 
92±5(7) 



S Minute 
(N) 



93±6 (3) 
35±5(7) 



IS Minute 
(N) 



92dbll(4) 
35±5(7) 



30 Minute 
(N) 



83±10(4)* 
46±5i7)** 



193:fc29(3)* 
247±16(7)** 



202±16 (3) 204±3 (3) 198±22 (3) 
1 87±1 11 (7) 246±1 1 (7) 240±S (7) 
* There was no significant change in systolic blood pressure or heart rate in tins group 
(p=0.37 for systolic blood pressure and p=0.94 for heart rate, ANOVA). 

There was a Ugihly significant change in systolic blood pressure and heart rate in 
this group (p<0.0001 for systolic blood pressure and p=O.002 for heart rate, 
ANOVA). 

6. Summary of Study 

L Rotational atherectomy in hypercholesterolemia New Zealand white 
rabbits results in prominent vasospasm in the mid-portion of iliac arteries subjeaed to 
the rotating burr. The vasospasm is most apparent IS minutes after rotational 
atherectomy treatment and has abnost completely resolved without pharmacologic 
intervention by 30 minutes after rotational ath^ectomy. 

2. Under the conditions of rotational atherectomy treatment studied in 
this protocol, test solution treatment in accordance with the present invention ahnost 
completely abolishes the vasospasm seen after the mid-iliac artery is subjected to the 
rotating burr. 



3. Treatment with test solution of the present invention given the 
20 concentration of components used in this protocol results in profound l^otrasion 
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during the infusion of the solution. The attenuation of vasospasm after rotational 
atherectomy by test solution occurred in the presence of severe hypotensioa 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes to the disclosed solutions and 
5 methods can be made therein without departing from the spirit and scope of the 
invention. For example, alternate pain inhibitors and anti-inflammation and anti- 
spasm and anti-restenosis agents may be discovered that may augment or replace the 
disclosed agents in accordance with the disclosure contained herein. It is therefor 
intended that the scope of letters patent granted hereon be limited only by the 
1 0 definitions of the appended clahns. 
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The embodiments of the invcntioii in which an exclusive property or privilege 
is claimed are defined as follows: 

1. A method of preemptively inhibiting pain and inflammation at a wound 
during a surgical procedure, comprising delivering to a wound during a surgical 
procedure a solution comprising at least one soluble receptor, wherein the solution is 
applied locally and perioperatively to the surgical site. 

2. The method of Claim 1, wherdn the sohible receptor is selected firom 
the group consisting of tumor necrosis factor (TNF) soluble receptors, interleukin-1 
(IL-1) cytokine receptors, class I cytokine receptors, and receptor tyrosine kinases. 

3 . The method of Claim 1, wherein the solution further comprises at least 
one addtional pain/mflammation inhibitory agent selected to act on a different 
molecular target than the soluble receptor. 

4. The method of Claim 1, comprising continuously applying the solution 
to the wound. 

5. The method of Claim 4, comprising continuously irrigating the wound 
vdth the solution. 

6. The method of Claim 1, wherein the solution is applied by irrigation of 
the wound. 

7. The method of Claim 1, wherein the sohition is locally applied to the 
wound in the absence of metabolic transformation. 

8. The method of Chum 1, wherem the perioperative application of the 
solution comprises intraprocedural application together with preprocedural or 
postprocedural supplication of the sohitioa 

9. The method of Claim 8, wherein the perioperative application of the 
solution comprises preprocedural, intraprocedural and postprocedural application of 
the sohition. 
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10. The method of Claim 8, wherein the solution is continuously applied to 
the wound. 

11. The method of Claim 1, wherdn each of the soluble receptor in the 
solution is delivered locally at a concentration of no greater than 1,000 nanomolar. 

12. The method of Claim 3, wherein each of the additional agents in, the 
solution is delivered locally at a concentration of no greater than 100,000 nanomolar. 

13. The method of Claim 1, wherein each of the plurality of agents in the 
solution applied is included at a concentration that is sufficient to provide a 
predetermined level of pain^iflammation inhibitory effect at the wound when locally 
applied in the absence of metabolic transformation, and that is less than a 
concentration which would be required to provide the same predetennined level of 
inhibitory effect at the wound if applied in a maimer which would entail metabolic 
transformation of the agents. 

14. The method of Claim 3, wherein the at least one pain^nflammation 
inhibitory agent is selected from the group consisting of: serotonin receptor 
antagonists; serotonin receptor agonists; histamine receptor antagonists; bradykmin 
receptor antagonists; kallikrein inhibitors; tachyldmn receptor antagonists including 
neurokinini receptor subtype antagonists and neurokinins receptor subtype 
antagonists; calcitonin gene-related peptide receptor antagonists; interleukin recq)tor 
antagonists; phospholipase mhibitors inducting PLA2 isoform inhibitors and PLC^ 
isoform inhibitors; cydoo^genase inhibitors; lipooxygenase mhibitors; prostanoid 
receptor antagonists induding eicosanoid EP-1 receptor subtype antagonists and 
eicosanoid EP-4 receptor subtype antagonists and thromboxane receptor subtype 
antagonists; leukotriene receptor antagonists includmg leukotriene B4 receptor 
subtype antagonists and leukotriene D4 receptor subtype antagonists; opioid receptor 
agonists including ^-opioid receptor subtype agonists, A-opioid receptor subtype 
agonists, and P-opioid receptor subtype agonists; purinoceptor agonists and 
antagonists including P2Y receptor agonists and P2X receptor antagonists; and 
ATP-sensitive potassium channel openers. 

15. The method of Claim 14, wherein the selected pwi/inflammation 
inhibitory agents are delivered locally at a concentration of 0.1 to 1000 nanomolar 
for sohible receptors; 0.1 to 10,000 nanomolar for serotonin receptor antagoiust^ 0.1 
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to 2,000 nanomolar for serotonin receptor agonists; 0.01 to 1,000 nanomolar for 
histamine receptor antagonists; 0.1 to 10,000 nanomolar for bradykinin receptor 
antagonists; 0.1 to 1,000 nanomolar for kallikrein inhibitors; 0.1 to 10,000 nainomolar 
for neuroldnini receptor subtype antagonists; 1.0 to 10,000 nanomolar for 
neuiokinin2 receptor subtype antagonists; 1 to 1,000 nanomolar for calcitonin gene- 
related peptide receptor antagonists; 1 to 1,000 nanomolar for inteileukin receptor 
antagonists; 100 to 100,000 nanomolar for PLA2 isofoim inhibitors; 100 to 200,000 
nanomolar for cyclooxygenase inhibitors; 100 to 10,000 nanomolar for lipoo^^genase 
inhibitors; 100 to 10,000 nanomolar for dcosanoid EP-1 receptor subtype 
antagonists; 100 to 10,000 nanomolar for leukotriene B4 receptor subtype 
antagonists; 0.1 to 500 nanomolar for ^-opioid receptor subtype agonists; 0.1 to 500 
nanomolar for A-opioid receptor subtype agonists; 0.1 to 500 nanomolar for P-opioid 
receptor subtype agonists; 100 to 100,000 nanomolar for purinoceptor antagonists; 
and 0.1 to 10,000 nanomolar for ATP-sensitive potassium channel openers. 

16. A solution for use in the preenq)tive inhibition of pain and 
inflammation at a wound during a surgical procedure, comprising at least one soluble 
receptor in a liquid carrier, the concentration of said soluble receptor within the 
solution being the concentration of that agent which is desired to be delivered locally, 
in the absence of metabolic transformation, to a wound in order to achieve a 
predetermined level of inhibitory effect at the wound. 

17. The solution of Claim 16, wherein the the soluble receptor is selected 
from the group consisting of tumor necrosis &ctor (TNF) soluble receptors, 
interieukin-1 (IL-1) cytokine receptors, class I cytokine receptors, and receptor 
tyrosine kinases. 

18. The solution of Claim 16, which fiirther comprises at least one 
additional pam/in£lammation inhibitory agent selected to act on a different molecular 
target than the soluble receptor. 

19. The solution of Claim 18, wherein the soluble receptor in the solution 
is included at a concentration of no greater than 1,000 nanomolar and each of the 
additional agents in the solution is included at a concentration of no greater than 
100,000 nanomolar, adjusted for dilution m the absence of metabolic transformation, 
at an intended local delivery site. 
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20. The solution of Claim 19, wherein each of the plurality of agents in the 
solution is included at a concentration that is less than a concentration which would 
be required to provide the same predetermined level of inhibitory effea at the wound 
if the solution was applied in a manner which would entail metabolic transformation of 
the agents. 

2L The solution of Claim 18, wherein the at least one additional 
painAnflammation inhibitory agents are selected from the group consisting of: 
serotonin receptor antagonists; serotonin receptor agonists; histamine receptor 
antagonists; bradykinin receptor antagonists; kallikrein inhibitors; tachykinin recq)tor 
antagonists including neurokinini receptor subtype antagonists and neurokiniih 
receptor subtype antagonists; calcitonin gene-related peptide receptor antagonists; 
int^leukin receptor antagonists; phosphoHpase inhibitors including PLA2 isoform 
inhibitors and PLCy isoform inhibitors; cydooxygenase inhibitors; lipooixygenase 
inhibitors; prostanoid receptor antagonists including dcosanoid EP-1 receptor subtype 
antagonists and eicosanoid £P*4 receptor subtype antagonists and thromboxane 
receptor subtype antagonists; leukotriene receptor antagonists including leukotriene 
B4 receptor subtype antagonists and leukotriene D4 receptor subtype antagonists; 
opioid receptor agonists including ^-opioid receptor subtype agonists, A-opioid 
receptor subtype agonists, and P-opioid receptor subtype agonists; purinoceptor 
agonists and antagonists including P2Y receptor agonists and P2X receptor 
antagonists; and ATP-sensttive potassium channel openers. 

22. The solution of Claim 18, wherein the additional pain^nflammation 
inhibitory agents are included at a concentration of: 0.1 to 10,000 nanomolar for 
serotonin receptor antagonists; 0.1 to 2,000 nanomolar for serotonin recq>tor 
agonists; 0.01 to 1,000 nanomolar for histamine receptor antagonists; 0.1 to 10,000 
nanomolar for bradykinin receptor antagonists; 0.1 to 1,000 nanomolar for kallikrem 
inhibitors; 0.1 to 10,000 nanomolar for neurokinini receptor subtype antagonists; LO 
to 10,000 nanomolar for n^irokininj receptor subtype antagonists; 1 to 1,000 
nanomolar for calcitonin gene-related peptide receptor antagonists; 1 to 1,000 
nanomolar for interleukin receptor antagonists; 100 to 100,000 nanomolar for PLA2 
isoform inhibitors; 100 to 200,000 nanomolar for cydooxygenase inhibitors; 100 to 
10,000 nanomolar for lipooxygenase inhibitors; 100 to 10,000 nanomolar for 
dcosanoid EP-1 receptor subtype antagonists; 100 to 10,000 nanomolar for 
leukotriene B4 receptor subtype antagonists; 0.1 to 500 nanomolar for ^-opioid 
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receptor subtype agonists; 0.1 to 500 nanomolar for A-opioid receptor subtype 
agonists; 0.1 to 500 nanomolar for P-opioid receptor subtype agonists; 100 to 
100,000 nanomolar for purinoceptor antagonists; and 0.1 to 10,000 nanomolar for 
ATP'Sensittve potassium channel openers. 
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